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Economically Feasible Capacity 
A Methodology to Determine 
the Economically Feasible Capacity 
for Rural Demand Response 
Transit Systems 
Adam B. Sandlin, Tennessee Department of Transportation 
Michael D. Anderson, University of Alabama, Huntsville 
Abstract 
Transportation professionals generally use volume-to-capacity ratios as a stan-
dard measure of effectiveness to evaluate the operation of transportation fa-
cilities. Unfortunately, this commonly used measure has not been available for 
the analysis of rural demand response transit systems, as there has not been a 
clearly defined methodology for determining the capacity of these systems. 
This article presents a methodology for determining the capacity of a rural 
demand response transit system using an economic constraint model and spa-
tial data for the service area stored in a Geographic Information System (GJS). 
The methodology develops an equation that incorporates operating costs, transit 
need, route distance, and revenue to define an agency s potential service area, 
or capacity. To demonstrate the methodology, the article presents a case study 
for a transit agency in Northwest Alabama. The article concludes that the meth-
odology presented can be applied to determine the economically feasible ser-
vice area for a rural demand response transit system, thus allowing for devel-
opment and use of volume-to-capacity ratios as a consistent measure of effec-
tiveness to evaluate an agency s operation. 
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Introduction 
Generally, transportation infrastructure analysis uses standard volume-to-capacity 
ratios, where demand for or use of the facility is taken as volume and maximum 
allowable use, based on the design of the facility (Highway Capacity Manual 1994). 
The volume-to-capacity ratio is used as a convenient measure of effectiveness to 
determine the level at which the facility is operating. For roadways, the relation-
ships for determining volume and capacity have been studied to the extent that 
few questions arise when attempting to determine either volume or capacity for a 
given highway facility. 
The easily understood relationship between volume and capacity in transporta-
tion, however, has been difficult applying to rural passenger transit systems be-
cause of the lack of a clear methodology for determining the capacity of a demand 
response transit system. This lack of a clear methodology has been documented in 
the recently-released Transit Capacity and Quality of Service Manual (TCQSM) 
(TCQSM 1999). 
In an attempt to provide a methodology, this article presents a GIS-based meth-
odology for determining the economically feasible capacity, or maximum service 
extent, for a rural passenger transit system, which can be used to calculate a vol-
ume-to-capacity ratio. The methodology is designed for rural demand response 
transit agencies that have a centralized vehicle storage facility in an urban area and 
a daily operation in which the vehicles travel to pick up passengers in the rural 
areas and bring them to services available in the urban area. The methodology 
presented focuses on initially determining the total area that the rural transit agency 
would be able to provide service to without losing money; the later portion of the 
methodology identifies the percent of the total area that can be serviced with the 
existing fleet. The article presents a case study using a rural transit agency in North-
west Alabama to demonstrate the methodology and concludes that the GIS-based 
methodology represents an effective method to determine capacity of and maxi-
mum service extent for rural passenger transit systems. 
Methodology 
The TCQSM presents the notion that "a demand-responsive vehicle's person ca-
pacity is inversely related to the size of its service area and also inversely related to 
the number of potential origins and destination it must serve" ( TCQSM 1999, p. 
68). The manual also identifies the use of peer agencies as the best method for 
determining person capacity. 
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In contrast to the TCQSM, this article does not define capacity in terms of the num-
ber of passengers that can be moved by the existing fleet but focuses on the service 
area that the agency can economically serve. The basis for the methodology pre-
sented here is the economic notion of diminishing returns. By definition, the point 
of diminishing returns is the point at which providing transit service to a larger area 
causes a decrease in the overall trip rate, resulting in an inefficient operation 
(Spielberg et al. 1995). This point will be referred to as the maximum service crite-
rion. The methodology defines the variables necessary for calculating the maxi-
mum service extent and presents a series of GIS-based steps to complete the cal-
culation. 
The variables needed to define the service criterion are operational costs, transit 
need, charge for transportation services, and distance to each stop. The opera-
tional costs are to be obtained from the agency being studied. If, for some reason, 
this information is not available, operating costs can be estimated after examina-
tion of similar transit agencies serving similar areas. For this analysis, it is necessary 
to develop a single cost rate to serve as operating costs. The operating costs, which 
include all administrative and maintenance fees, should be calculated on a cost-
per-mile basis. 
Transit need can be determined in different ways, depending on available data 
and/or the particular study area (U.S. Department of Transportation 1990). The 
most widely accepted method to determine transit need is to use a profile of the 
population who represent those individuals most likely to use transit service (Mazur 
et al. 2001). For the case study presented in this article, the transit need was deter-
mined through a combination of number of people older than 65 and number of 
households without a vehicle in the study area. Although other definitions of tran-
sit need can be used or other variables can enter the equation, there must be con-
sistency in determining transit need between agencies that are being evaluated 
against each other. 
The charge for transportation service is easily understood. This represents the total 
cost paid for the transportation service, including both the fare charged to the 
passenger and any subsidy allotted for the service. The cost for transportation ser-
vice should be obtained from agency and/or State Department of Transportation 
records. 
The distance to each stop is defined as total distance from the vehicle storage loca-
tion to each passenger pick-up location. To ease the number of calculations when 
3 
journal of Public Transportation, Vol. 5, No. 3, 2002 
determining the distance to each stop, it is recommended that the center of each 
given area where transit need is determined be used. For the case study, this loca-
tion is the center of the census block group upon which the transit need is deter-
mined. The distance to each stop is to be determined using either a GIS or other 
service area map. 
Procedures 
The following sections examine the five-step GIS-based procedure. 
Step 1. Coiled Data Necessary for the Analysis. 
The initial step is to collect the data necessary for the analysis. GIS-based data 
requirements include roadway locations and census demographics for the study 
area. A possible source for the data is the U.S. Census Department Internet site or 
similar website. Typically the data will be segmented to individual county bound-
aries, not necessarily covering the entire study area. If the agency study area covers 
more than one county, the GIS-based data need to be merged into a single cover-
age. The charge for transportation service should also be collected from the agency 
of interest or State Department of Transportation. 
Step Z. Determine Maximum Service Criterion 
The second step is to determine the maximum service criterion, defined as the 
point when the distance necessary to travel to pick up another passenger becomes 
cost-ineffective. This maximum service criterion is derived from the following: 
• Cost to operate service to a given location: 
Per mile operating costs for the vehicle* total distance of the route 
• Revenue generated from the service: 
Number of riders* equivalent farebox fee 
• To be economically feasible, the revenue must exceed the costs. 
Therefore, the maximum service criterion is defined as: 
( 
distance of route ) (operating cost/distance) < 1 
# of transit riders/route * equivalent farebox fee -
where: 
• Distance of route represents the pick up and return to the urban area. 
• Distance is in miles and operating costs are in dollars. 
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Using this equation, it is possible to identify route pick-up locations that are of a 
great distance and so few riders that they are not cost effective and therefore rep-
resent locations out of the agency's economically feasible capacity. 
Step 3. Determine Transit Need 
Transit need, as defined earlier, represents the number of individuals who poten-
tially need transit service. For this step, the census data are suggested as a baseline 
socioeconomic dataset for the area of interest. From the census data, at the block-
group level, it is possible to determine the number of elderly individuals, number 
of individuals living below selected poverty levels, and number of individuals with-
out private automobiles-all of which might be used to determine the number of 
potential transit riders. For this step, it is necessary for the agency to identify the 
method it intends to use to determine transit ridership characteristics of its par-
ticular service area. 
For an example of the determination of transit need using census block-group data, 
determine the percent of households without vehicles and the percent of the popu-
lation more than 65 years old. Making the generalized assumption that the per-
cent of people without automobiles is constant for all age categories, multiply these 
two values and then multiply the total population of the block group to estimate 
the population over age 65 and without vehicles. This value can then be used as 
one estimate of the population within each block group that needs public trans-
portation. This number, however, is an estimate of the transit need and many addi-
tional factors could be used to determine the transit need for a selected area [e.g., 
the National Personal Transportation Survey (NTPS) or other transportation-re-
lated data]. 
Step 4. Determine Distance from Storage Location to Block-Group 
Centroids 
After determining the transit need based on the census data block groups, the 
next step is to determine the distance from the storage facility where the vehicle 
trip originates to the pick-up locations where passengers are assumed to be wait-
ing. The use of GIS is almost necessary for successfully completing this step in a 
timely manner. Using the functionality available in most GIS software packages, it 
is possible to determine the coordinates of the block-group centroids (i.e., loca-
tions where passengers are to be picked up). Then, also using functionality avail-
able in most GIS software packages, it is possible to determine the shortest dis-
tance from the storage facility to the centroid along the shortest path. Although 
this step is possible without using GIS, the determination of the block-group cen-
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troid would have to be performed using visual interpolation methods and the short-
est-route distance would then need to be calculated manually-both actions are 
timely and have great potential for error. 
Step S. Determine Block Groups that Are Within Maximum Service 
Criterion 
At this point, with the transit need and distance from storage facility to all stops 
described, it is possible to identify those stops within the maximum service crite-
rion. Again, using the relationship, 
( 
distance of route ) (operating cost/distance) 1 
# of transit riders/route * equivalent farebox fee s 
it is possible to determine these stop locations. This information now provides the 
maximum service extent (or total capacity) for the transit area to provide service 
without losing money as a result of the service. 
This determination also provides a total transit need that the agency should at-
tempt to serve. Unfortunately, this total transit need is developed independent of 
vehicle fleet size and most agencies will not be able to serve the entire transit need 
with their existing fleet. Using the total transit need, however, provides a method 
for determining the total number of vehicles necessary to provide service to the 
entire population by dividing need by occupancy per vehicle. When taking into 
account the actual number of vehicles operated by an agency, it is possible to de-
termine a modified capacity by allocating vehicles in the most cost-effective man-
ner (i.e., starting with short routes that have high ridership). In this manner, it is 
possible to determine a modified capacity for the agency, which is a factor of the 
total capacity. 
The final step of the analysis would be the determination of a volume-to-capacity 
ratio for the agency, in which the volume would represent an average number of 
people served per day divided by the capacity of transit needs based on the agency 
fleet. In this manner, different agencies could then be compared using a single stan-
dard measure of effectiveness. 
Case Study 
To aid in understanding the methodology presented, a case study has been per-
formed for an agency serving the two-county region covering Lauderdale and 
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Colbert Counties, Alabama. The urban center for the region is the combination of 
four Alabama communities: Florence, Muscle Shoals, Sheffield, and Tuscumbia, 
known collectively as the Shoals. The area is home to 136,572 people, with 15 per-
cent of the population more than 65 years old (www.census.gov 2001 ). 
Step 1. Coiled Data Necessary for the Analysis 
Roadway and census data at the block-group level were downloaded from the 
Internet and brought into the GIS environment. For the case study, the data were 
downloaded from www.geographynetwork.com and the GIS program used was 
ArcView (ESRI Inc.). The data downloaded from the Internet were segmented by 
county level, and the GIS program was used to develop a single coverage for road-
ways and census demographics for the two-county area. 
In addition to the roadways and census demographics, operational costs and charges 
for transportation services were obtained from the transit agency directly. Opera-
tional costs were determined to be $0.50/mile and $7.00/hour. The agency also 
noted that the average speed for any bus traveling throughout the network was 10 
mph (NACOLG Transit Representatives 2001 ). Assuming that these costs include 
all administrative and maintenance fees, operational costs were determined to be 
$1.20 per mile. 
Regarding the charge for transit service, an assumption was made in this case study 
that the transit agency would be responsible for collecting 35 percent of the total 
operational costs from farebox revenue, with the other 65 percent coming from 
local or federal funds. For the agency studied, the farebox charge was $1.25 per 
trip, making the total charge for transit service $3.57 per trip. 
Step 2. Determine Maximum Service Criterion 
As noted above, the definition of capacity used in this article is the service area 
that can be covered by the agency without losing money as a result of providing 
the service. This was defined previously as: 
( 
distance of route ) * (operating cost/distance) s 1 
# of transit riders/route equivalent farebox fee 
Solving this inequality for the case study agency using an operating cost/distance 
of $1.20/mile and an equivalent farebox fee of $3.57 yields: 
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__ d_is_t_an_c_e_o_f_r_o_u_te__ s 2.97 5 = service criteria 
# of transit riders/route 
This measure implies that service should be offered, essentially defining the area 
that should encompass the agency's capacity, if the ratio between the distance to 
the riders and the number of riders is less than 2.975. This inequality takes into 
account zones with high transit needs that are a considerable distance form the 
central bus facility, making them good candidates for transit service. 
Step 3. Determine Transit Need 
The transit need for the case study agency was determined using census block-
group data for the two-county area downloaded in the first step. The transit need 
was determined as the number of people in the block group age 65 and older 
multiplied by the percentage of the block group without automobiles. This was 
performed, in GIS and there were 100 stops calculated to have at least one poten-
tial transit rider to service as transit need. For simplicity, all block groups without a 
single transit rider were deleted from the theme. 
Step 4. Determine Distance from Storage Location to Block-Group 
Centroids 
Distances from the central bus storage facility to passengers in the block groups 
were determined using GIS. A point theme for the agency's central bus facility and 
census block-group centroids, to serve as pick-up locations for the areas, was cre-
ated in ArcView. The agency's facility was created using the geocode address fea-
ture in ArcView representing the point of origin of all bus routes. The "Get coordi-
nate table" extension for ArcView was used to create a point theme for the cen-
troids of each block group to simulate transit stops. The block groups attribute 
table and the bus stops point theme were then joined, linking the location and 
transit need. 
The shortest path from each point, including the origin, as defined by distance, to 
all the other points was determined using the Network Analyst and Shortest Net-
work paths extension (see Figure 1). The bus stops table and the new network's 
attribute table, created using the Shortest Network path extension, were then joined 
to calculate the cost associated with traveling to each pick-up location, using the 
$1.20 per mile operating cost developed earlier. 
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Figure 1. All pick-up locations and shortest routes 
Step 5. Determine Block Groups that Are Within Maximum Service 
Criterion 
Using the service criterion as cost, setting the cut-off value at 2.976 as defined 
previously, and specifying the agency's bus faci li ty as the origin, GIS was used to 
identify pick-up locations that can be reached where passengers ava ilable divided 
by the distance is less than 2.975. The service area could quickly be identified as a 
region to better understand the capacity for the particular agency (see Figure 2). 
Figure 2. Maximum service area for the case study 
Results 
The results of the case study identify that 70 of the 100 sites with transit riders are 
located outside the economically feasible capacity and, therefore, sho uld not be 
included in the agency's capacity. The study also indicates that the agency's capac-
ity includes 69 percent of the transit need for the two-county area, or 1,298 of 
1,884 potential tra nsit riders based on the definition of transit need used. This 
information implies that the agency would be able to accommodate all of the 1,298 
9 
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potential transit riders without losing money as a result of offering the service. The 
number of potential transit riders in the economically feasible area would require 
87 vehicles (assuming 15 passengers per vehicle) in the fleet to move all passengers 
in a given day. Taking into account the actual number of vehicles operated by the 
agency, the capacity for the agency should be the total potential transit riders 
multiplied by the ratio of the actual vehicles in the fleet versus the total vehicles 
required to transport all riders. This value can then be compared to the number of 
passengers actually using the system to determine the volume-to-capacity ratio. 
Conclusions 
This article presents a methodology to determine the capacity of a rural transit 
agency using a methodology based on the economical limit of service and spatial 
data stored in a GIS. The methodology and GIS were used to identify all the loca-
tions where the number of potential passengers and the operating costs for the 
transit system allowed for inclusion in the maximum service criterion, or limits of 
capacity for the agency. The methodology can also be used to assist transit areas in 
determining their target market for advertising and publicity by identifying areas 
where there are a high number of potential riders and the distance or operating 
costs are low. 
In general, the methodology presents one way to determine the capacity for rural 
demand response transit service. This calculation of capacity would thus allow for 
the development of commonly used volume-to-capacity ratios for different tran-
sit agencies. These agency-specific volume-to-capacity ratios can then be used as 
measures of effectiveness for evaluating rural demand response transit agencies. 
10 
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Transit Itinerary Calculation on the 
Web: Based on a Transit User 
Information System 
Martin Trepanier, Robert Chapleau, and Bruno Allard 
Ecole Polytechnique de Montreal 
Abstract 
Transit path calculation is not yet widely available on transit authority websites. 
This is because the calculation of complete transit itineraries requires the 
integration of underlying components such as Geographic Information Sys-
tems (GIS) and operational database and, unlike a simple road application, 
involves a complex transportation network. In this article, a hybrid algorithm 
based on heuristics and optimization is presented for the calculation of urban 
transit itineraries including information on pedestrian access and egress paths, 
route sequences, schedules, and stops. The use of the Transit User Information 
System (TUIS) to support the calculations is emphasized. The TUIS uses the 
Totally Disaggregate Approach (TDA) and Transportation Object-Oriented 
Modeling (TOOM) in transportation to gather data on territory (for origin and 
destination specifications and for the pedestrian network) and transit opera-
tion (route geometry, schedules). Websites that have been implemented are ref 
erenced to demonstrate the applicability of the hybrid algorithm. These websites 
make use of some special techniques for disseminating user information over 
the Internet. 
13 
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Introduction 
In general, public transit authority websites fail to offer a complete solution for 
users who want to obtain transit itineraries between an origin and a destination in 
a metropolitan area. By January 2000 about 93 percent of public transit websites in 
the United States still had not integrated an itinerary planning service (Soolman 
and Radin 2000). Furthermore, the path calculators that do exist on the web rarely 
provide all the specifications needed by users: origin and destination locations are 
often limited to a set of locations, and calculations usually do not consider the 
pedestrian paths built to reach the transit network. Besides, few of these sites pro-
vide the schedules associated with the itineraries. Smith (2000) has successfully 
defined some of the challenges related to this issue. Smith reported that path cal-
culation involves minimizing trip times with respect to spatial, temporal, and sys-
tem constraints. He maintains that the use of GIS is imperative as a support for the 
system, and he identified some technologies which could provide the system with 
flexibility, ease of maintenance, and operability. In the Montreal area, where transit 
usage is high, research has shown that it is important to provide transit users with 
the best possible itineraries to facilitate their travel on the network. 
In this article, a hybrid algorithm is presented for the calculation of transit itinerar-
ies based on a TOA, along with the web architecture and tools needed to set it up 
on three websites in the Montreal area. With the feature, transit users can now, via 
the web, have their transit itineraries calculated between any two points in the 
transit authority's territory. Itineraries are composed of information on pedestrian 
access and egress paths, bus stops and stations, as well as the set of routes to be 
taken, full boarding schedule, and transfer, departure, and arrival times. Web users 
can interactively modify the circumstances of their travel and have the recalcula-
tion completed within seconds. 
The article presents the research objectives and contributions related to transit 
path calculation on the web. Then, after providing a conceptual background, it 
describes three methodological developments associated with the TUIS: the TOA, 
TOOM, and Object-Oriented GIS (00-GIS). This is followed by the development 
of the hybrid algorithm, which is divided into four major phases: ( 1) origin, destina-
tion, and circumstance specification; (2) access and egress calculation; (3) path cal-
culation; and (4) schedule integration. Finally, three examples of tested website 
environments are reviewed. To facilitate the discussion, relevant elements of a lit-
erature review are presented along with the topics. 
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Research Objectives 
In the mid-1990s, the Montreal Urban Community Transit Commission (MUCTC), 
a 65-station subway and 1,500-bus operator, expressed the need to computerize 
the activities of its 20-agent phone information center to increase the productivity 
of its phone agents and to broaden the range of informational tools available to its 
users.An initial research project led to the implementation in 1995 of the software 
MADPREP (Module d'Acquisition de Donnees pour la Preparation de la Reponse 
Emise par le Prepose, data entry module for the preparation of agent responses) 
(Chapleau et al. 1997). The technology has since been upgraded and installed in 
two other transit information centers in the Montreal area. 
Given the continuing growth and popularity of the Internet, another research 
project was initiated to set up a website for the MUCTC. The first objective was to 
provide users with static information on transit services; the second objective was 
more challenging: to give users web tools for calculating transit itineraries. Typi-
cally, the information associated with transit paths would include: 
• multimodal (transit and pedestrian) paths from point A to point B located 
within the territory; 
• stops, routes, transfer points, and schedules related to the itineraries; and 
• estimated walking, waiting, transfer, and travel times. 
Figure 1 shows a graphical representation of the transit path information. 
Since no commercial software or actual model could fulfill MUCTC needs, a new 
method was developed based on the TDA, TOOM, and 00-GIS. 
Background 
This section examines the three methodological developments of the TUIS. 
TOA 
The TDA was developed in the 1980s in Greater Montreal for the validation, pro-
cessing, and modeling of large, origin-destination surveys among householders, 
conducted particularly with a view to gather data on transit usage. Typically, in 
1998, a phone survey would involve more than 70,000 households (5% overall sam-
pling). Planners, however, were not satisfied with the way in which such a quantity 
of data was being modeled with an aggregate approach, even with a 1,500-zone 
system ( Chapleau 1986). A new method had to be developed to store and process 
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data on households, individuals, and trips. The TOA can be quickly defined by the 
following two essential elements: 
1. The focus throughout the transportation analysis is the individual trip. All 
trip characteristics (time, purpose, modes, itinerary) are maintained in 
association with the individual and household concerned. 
2. X-Y coordinates, monuments, and statements about places are used to 
form the basic, spatially referenced system for the origin, destination, and 
residential and intermodal junction locations of each trip and other space-
related objects in the system. 
In terms of data completeness, the TOA does not use an origin-destination matrix, 
as this would aggregate and dissolve information. It maintains origin-destination 
files instead, which contain survey information on trips, individuals, and house-
holds (see Figure 1 ). The use of the best-defined information improves the level of 
resolution of the system without preventing any possible aggregation. 
Over the years, many applications have been developed to enrich the data in these 
databases by adding new attributes (e.g., status derivation from a daily activity or 
from car ownership) (Chapleau et al. 1998). One of these applications is the trip 
calculator, which was first used to validate the transit trips described in surveys. 
Once calibrated with survey data, the calculator is used to simulate trips on the 
transit network. It has been used in several models and studies on trip generators, 
financing (Chapleau 1995), modal split (Chapleau and Trepanier 1997), etc. The 
itinerary calculation process presented in the section on 00-GIS is based on this 
methodology. 
TOOM 
TOOM is derived from object-oriented schemes used in traditional approaches 
like those of Booch, Coad, Colbert, Yourdon, and others (Trepanier and Chapleau 
2001a). Viewed in this way, the object is a unique entity with its own properties 
and methods. Its properties (attributes) describe the object's state. Its methods 
constitute the behavior of the object: its actions and its services to other objects. 
The transportation object is a special component intended for modeling, observ-
ing, planning, and analyzing the transportation system. For this purpose, its state is 
variable in time and space and possesses special properties and methods. For ex-
ample, a Roadlink object has the commonly used road properties (length, name, 
number) but can also have time-varying properties (e.g., pavement condition). 
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There are four metaclasses of transportation objects involved in dynamic and space-
related relations, depending on their specific role: 
• Immobile (static) objects have a fixed location in time and space. Their role 
is to describe the territory and serve as transportation movement beacons. 
Some examples are: TripGenerator, PostalCode, CensusTract, and Zone 
objects. 
• Dynamic objects are the transportation actors. They decide on, and con-
tribute to, their movements. They include a group of individuals (House-
hold objects, Person objects), moving objects (Bus, Car), or even objects 
moved (Goods). 
• Kinetic objects are objects that describe movement. Some examples are: 
Trip, Transitlink (simple kinetics), Path, and TransitRoute (compound ki-
netics). 
• System objects are groups of embedded objects with their set of relations. 
They can be operational (TransitNetwork, RoadNetwork), informational 
(Survey, Census), or globally comprehensive (UrbanSystem). 
A transportation method is an "intelligent" sequence of procedures used to ma-
nipulate and transform one or more transportation objects. It blends models with 
information, creating "infomodels" to be reapplied to similar objects. TOOM is not 
primarily aimed at software design or database structure, and it is not a database 
issue. First and foremost, it is a "way of thinking" about the role and specific use of 
every piece of information in the system. With adequate diagrams, objects can be 
rapidly identified, along with their properties and methods involved in the analy-
sis. The software implementation could easily integrate these underlying concepts, 
but not all software languages are adapted to this methodology. 
00-G/S 
The use ofTOOM is particularly important for the implementation of GIS within a 
transit authority's territory (Trepanier and Chapleau 2001b). This kind of GIS is 
unfamiliar, since it integrates a transit network, a road network, and territorial data 
simultaneously (Peng, Groff, and Dueker 1998). In Figure 2, the object model for a 
typical path calculation is represented schematically. The transit supernetwork 
describes the geometry and the chronometry (time-related aspects) of transit op-
eration. For a given authority, it includes all modes; in the Montreal case, the bus, 
subway, and commuter train networks are integrated. The territorial network de-
scribes land use, the street network, and the sidewalk network (pedestrian). This 
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third object is mandatory to provide adequate information to the transit user, since 
access to transit services is a pedestrian path and must be considered. The system 
also integrates some "classic" GIS information [e.g., addresses, intersections, postal 
codes, trip generators (monuments)]. These objects are used for origin and desti-
nation specifications. At the bottom of the object model, the transit user is pro-
vided with two elements of information: the user path on the pedestrian network, 
and the itinerary for arriving at the transit network. 
TUIS 
Some effort has been made to describe the elements that could be used to supply 
information to a transit website. Ventura County was among the first to provide 
transit service information on the web (Gherardi et al. 1997). Lee, Baumgartner, 
and Tschango (1999) presented a web-based bus information system (WBI) imple-
mentation with data stored in a Microsoft Access database. Peng and Huang (2000) 
also used Access to store route and transit networks, bus stops, and time-point 
data, and their database is linked to GIS and network servers (Peng and Beimborn 
1998). 
Architedure 
In terms of implementations of our websites, the following architecture has proven 
to be an adequate means of providing transit trip itinerary calculation on demand 
via an Internet interface (about 80,000 calculations in the year 2000). The whole 
system is called the TUIS for the web and is represented in Figure 3. 
As shown previously in Figure 2, 00-GIS integrates two groups of data: opera-
tional and territorial. Transit agencies usually already have systems in place to man-
age data related to vehicle operations (e.g., driver schedules, vehicle dispatch times, 
runs, schedules). At the MUCTC, many software programs are used for these tasks. 
Interface software has been developed through this project to gather, integrate, 
and validate data from these systems. In contrast, territorial data are commonly 
used in the planning department and stored in GIS architecture. Another program 
processes these data to adapt them to the 00-GIS model. 
Data are transmitted through the phone information center service. Typically, a 
copy of the data is installed there shortly before its implementation. This copy is 
installed in the phone information center so that the agents, who probably have 
the best knowledge of the operational and territorial networks in the organization, 
can then test the calculator to detect problems and initiate last-minute changes, 
such as new streets (new streets may not immediately be included on official city 
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maps) or modified schedules (these small changes may not be reported to the 
corporate information systems department). 
The architecture of the web server, which is quite simple, is shown in Figure 3. The 
PC based server physically integrates all the components: database (operational 
and territorial data in a Visual FoxPro application), web server (Internet Informa-
tion Server), and calculation engine (Windows DLL dynamic library). The major 
part of the data are asynchronously transferred to the web server when needed. 
Events and other real-time data are transferred through TCP/IP communications 
between application servers. 
Spatial and Temporal Level of Resolution 
A common question related to user information concerns the level of spatial and 
temporal resolution needed to satisfy the user. Should it be a simple on-demand 
route schedule or a stop schedule? Should the transit operator provide a full tran-
sit path between two points in its territory? In the Montreal area, authorities had 
accustomed the user to receiving precise and detailed information, including, for 
example, the full pedestrian network for reaching bus stops. This information had 
historically been provided by phone by experienced agents, with no computerized 
tools, only paper-based documents like maps and schedules. 
Spatial and temporal levels of resolution are two dimensions to consider when 
designing a TUIS for the web (see Figure 4). As the spatial level of resolution in-
creases, the spatial definition of transit information becomes more precise, and the 
number of web elements (e.g., bus stop location pages) increases. The same logic is 
applied to the temporal level of resolution. These two dimensions have an impact 
on the technical structure of the website, so that several web technologies must be 
used to render the information with efficiency and without overloading the web 
server. Individualized schedules and calculated itineraries constitute on-demand, 
real-time information that must be provided by the web server via scripted pages 
(e.g., Active Server Pages, Common Gateway Interface). The path calculation pro-
cess described in this article is illustrated in the upper-right-hand part of the chart. 
In contrast, general information on the transit authority is usually provided via 
static HTML pages to improve the server's performance (Kothari and Claypool 2001 ). 
The central zone includes generated pages, containing a large number of data, like 
route geometry, bus stop lists, planned schedules, and point-of-sale lists. To avoid 
overloading the web server, this information is not scripted, but rather generated 
by a database software program used to make the several thousand HTML pages. 
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Itinerary Calculation Process 
Although many transit agencies have implemented websites in recent years, few 
provide adequate transit itinerary service via this medium. Peng and Huang (2000) 
have indicated that a network analysis model is "the key component" to providing 
trip itinerary planning and reported that most algorithms and programs are de-
signed for highway calculation use. In fact, transit path calculation is much more 
complex than road network itinerary calculation because it involves different trans-
portation modes, time-dependent levels of service, and the presence of transfer 
points, terminals, stops, and stations. 
The transit path calculation methodology presented in this article consists of four 
steps (Figure 5): (1) origin, destination, and circumstance specification; (2) access 
and egress calculation; (3) path calculation; and (4) schedule integration. 
Origin, Destination, and Circumstance Specification 
The calculation process begins with a choice of origin and destination. The user 
then has to define the circumstances of the itinerary. To determine location, an 
HTML form is used to enter an address (civic number+ street name), intersection 
(two street names), monument (interactive search or browsing of a list}, or station 
or bus stop number. The web server, with the help of the underlying territorial 
00-GIS, decodes the form and stores the locations as user preferences. An interac-
tive, clickable map is also provided as an alternative way to define origin and desti-
nation, supported by a bitmap-based web GIS. Any reachable location in the agency's 
territory (not simply a restricted list) can be specified as an origin or a destination. 
Under "Circumstances;' the user enters the travel day and time and selects options 
related to subway, train, and pedestrian usage. The user can choose not to use the 
subway, for example, and ask for the shortest access distance, thereby increasing 
the number of transfers but minimizing walking distance. 
Access and Egress Calculation 
In the next step, a pedestrian path calculation is used to gather a set of bus stops 
(or train and subway stations) around the origin and the destination. To identify 
this set, a shortest-path tree is calculated on the pedestrian network from the ori-
gin location. The same task is performed for the destination. At least four stops are 
gathered at each end, since the nearest stop would not necessarily provide the best 
transit path. (This number is parametrized according to the sensitivity of the model.) 
The use of the pedestrian network (sidewalks, pedestrian paths, underground paths, 
and pedestrian overpass bridges) is very important to avoid confusing users. The 
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pedestrian network must consider geographical obstacles such as train tracks, riv-
ers, and freeways. 
Path Calculation 
The set of stops located at the origin and destination is then used to calculate 
several transit paths. Peng and Huang (2000) suggest that some elements of the 
paths should be precalculated to speed up the calculation. In our applications, it 
would be unrealistic to presto re the information because the number of stops (more 
than 16,000), number of routes (more than 500), and the temporal dynamic as-
pects of the transit network would generate millions of possible paths. Another 
reason not to prestore the information is that the calculation is performed within 
a fraction of a second on a regular PC. The calculator uses a shortest-path algo-
rithm (adapted from Dijkstra) and heuristics (to rearrange the network) to deter-
mine a set of feasible itineraries between the stops and relies on the transit net-
work definition of the MADITUC software in the TDA ( Chapleau 1986). The short-
est paths are calculated such that the total generalized travel time (t 1) obtained tot a 
from this impedance function is minimized: 
n 
_ mm ~( a a p) mm 
(total - W f o + ~ W f n + f n + W f d 
I 
where: 
t; is the access time (walk at origin). 
t7 represents the egress time (walk at destination). 
t P is the travel time on-board route n vehicle. n 
These times are estimated from an average walking speed (about 4 km/h) and high-
way speeds derived from schedules. Weighting factors wm (walk) and w0 (waiting) 
are applied to balance the impedance. The waiting time for route n, t;, takes into 
account several components: 
a _ • ( ( a xht) a ) t f n-1 tn - mm max (min ' w n n ' (max + t w n + w n 
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where: 
t:Un is the minimum waiting time (boarding time at a minimum). 
t:ax represents the maximum waiting time (over that time, the user will adjust 
this time in accordance with the schedule, especially for large headways). 
w; is the weighting factor for the waiting time related to headway h~. This 
waiting factor depends on the location on the route (0.5 near the begin-
ning). The second term is the transfer time (0 for the first route) and im-
plies t' the base transfer time and wf the weighting factor related to the n 
route mode (could be higher for a commuter train, for example). 
w;-1 is an additional penalty for mode transfer between route n-1 and route n. 
This term of the impedance function can be used to consider rates dues 
to mode change. 
This impedance function is calibrated with the help of household survey data. More 
than 35,000 origin-destination pairs were extracted from the 1998 survey and simu-
lated with the algorithm to reproduce the transit statements in the survey (se-
quences of routes taken). Weighting factors also serve the user on-line on the web. 
For example, if the walk is to be minimal, its weighting factor() in the impedance 
function will be increased so that the calculator will try to minimize the walk-time 
terms. 
Schedule Integration ('Trimming") 
Once the calculator has produced feasible itineraries, the operational 00-GIS is 
used, via a database management software program (DBMS), to add detailed sched-
ule information. In some cases, the calculator provides more than SO itineraries ( 4 
stops at origin X, 4 stops at destination Y, 3 or more feasible paths), and so a choice 
must be made to retain the two or three "best" paths. This is done by recalculating 
the total travel time for each itinerary using a schedule, with the following formula: 
where: 
h~ is the starting time specified by user. 
h; is the scheduled departure time for route n. 
h; represents the scheduled arrival time. 
r;, t'; is the walking time. 
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The total travel time is then provided in minutes and is the difference between the 
itinerary's overall arrival and starting times. This part of the process is called sched-
ule "trimming." 
Implementations 
Experiments on the path calculation methodology were first conducted on a large 
transit agency website and were extended to a medium-sized transit agency website 
and a suburban transit agency. In 2001, about 462,000 path calculations were per-
formed on the MUCTC website (80,000 in 2000). 
Transit users and web surfers go onto the MUCTC website (http.//www.stm.info) to 
calculate transit paths with the "Tous Azimuts" (al l azimuths) function (Figure 6). 
The calcu lation results (one to three paths) are provided in a table format, con-
taining: starting time from the origin location and walking time to the access stop, 
schedule at each stop (access, egress, and transfer), stop and route identification, 
pictograms for transit mode (bus, train, subway), phone numbers (for phone sched-
uling system), arrival time at destination location, and total travel time. 
At the City of Laval Transportation Agency, a suburban transit network north of 
Montreal, the results are displayed in text form. The site is located at: http.// 
www.stl.laval.qc.ca. (Text is provided in French only). The phrasing used by the web 
server software contains the same information as the MUCTC results table. In this 
case, the pedestrian and transit networks are larger, since they integrate both the 
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Montreal and Laval territories. Users can also store up to 10 origin and destination 
locations via cookie files. Precise schedules are provided for the Laval network only, 
and the user is invited to browse the Montreal schedule through hyperlinks to the 
MUCTC website. 
The third implementation of the calculator provides transit access information (set 
of bus stops) around a location within the Greater Montreal area (5,000 km2). It is 
available on the Metropolitan Transportation Agency website (http:// 
www.amtqc.ca, also in French only). The agency is responsible for the commuter 
bus and train services provided by about 20 small operators. A regional transit 
path calculator is currently under development and is awaiting the completion of 
a regional TUIS to gather and structure available data. 
Conclusions 
It is possible for transit users to use the web to calculate transit paths for their daily 
trips. In Montreal, where there is a large and multimodal network in place and 
where schedules are revised every two months, such a function has been very helpful. 
This article has explored a transit itinerary calculation methodology based on a 
hybrid heuristic algorithm that relies on a TUIS. The TOA, TOOM, and 00-GIS are 
the three elements developed to support the algorithm and its embedding in 
websites. The article also shows that a powerful means of integrating information 
at each stage of the process is key to obtaining a viable algorithm for providing 
suitable itineraries for users. 
Some challenges remain to be addressed, and these will be explored in the coming 
years. First, there is a possibility that path calculation will be used in some planning 
processes such as route synchronization or delay studies. Second, the most power-
ful integration of real-time events and on-board GPS data will be examined. Finally, 
a more sophisticated version of the algorithm for calculating hybrid road-transit 
paths for the use of park-and-ride facilities for commuters is under consideration. 
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Abstract 
This study examines trends in public transit ridership in the United States dur-
ing the 1990s. Specifically, it focuses on agencies that increased ridership dur-
ing the latter half of the decade. While transit ridership increased steadily by 
13 percent nationwide between 1995 and 1999, not all systems experienced 
ridership growth equally. Some agencies increased ridership dramatically, some 
did so only minimally, and still others lost riders. What sets these agencies 
apart from one another? What explains the uneven growth in ridership? 
To examine these questions, we conducted a nationwide survey of transit agen-
cies that added riders during the late 1990s. Specifically, transit general man-
agers or their designees were asked about the factors they deemed important 
for ridership growth in their systems. We gathered information about specific 
transit planning efforts and programs that are not available from aggregate 
data sources, like the National Transit Database (NTD). 
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This article reports the results of this survey and documents recent planning 
efforts of successful transit systems. We found that: 
1. Service improvements and advertising/information programs are per-
ceived by transit managers to have increased patronage, though opin-
ions varied widely on how significantly such changes affected rider-
ship. 
2. While the literature generally suggests that fare changes affect rider-
ship less than service improvements, universal fare coverage programs 
are widely perceived to have positively influenced ridership by the sys-
tems that implemented such programs. 
3. Three factors outside of the control of transit managers and planners 
(population growth, economic/employment growth, and worsening traf 
fie congestion) are frequently cited as significantly causing patronage 
to climb. 
Introduction 
The 1990s were a volatile decade for the U.S. public transit industry. Many systems 
lost patrons during the recession years of the early 1990s, though a few actually 
added riders. During the economic boom of the late 1990s, transit ridership na-
tionwide increased steadily. But not all systems increased ridership equally; some 
posted dramatic ridership gains, while others actually lost riders. Although many 
industry insiders have theories about which transit systems have been the most 
successful and why, there actually has been little systematic examination of rider-
ship growth. This study explores recent trends in public transit ridership to increase 
understanding of why some public transit systems have been successful at attract-
ing new riders and others have not. As part of this research, managers of the transit 
systems nationwide that increased patronage during the late 1990s were surveyed 
to explore their views of the keys to increasing patronage. 
Some respondents reported that variation in transit use is largely external to tran-
sit systems and thus is outside of the control of transit managers; others reported 
that ridership increases on their systems resulted, at least in part, from factors in-
ternal to the agencies. In the survey reported here, we focused on internal factors 
that transit operators believe have been most effective in attracting and maintain-
ing customers. In an environment of increased automobile use, some transit agen-
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cies have successfully attracted new riders by becoming more flexible, creative, and 
innovative in their service provision and marketing. 
Explaining Transit Use 
Figure 1 shows the recent trend in nationwide transit patronage over the past two 
decades. Several important points emerge. Overall transit use declined during the 
recession years of the late 1980s and early 1990s, only to rebound with the eco-
nomic boom of the mid-1990s. The 9.1 billion unlinked passenger trips1 in 1999 
represented a 17 percent increase nationwide in just four years (APTA 1999). Per-
Figure 1. Number of unlinked transit trips on U.S. transit systems (1980-1999) 
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haps the most auspicious aspect of the recent upswing in transit ridership is that 
transit trips per capita are on the rise as well, based on projections of the 1990 U.S. 
Census (Figure 2). Americans took an average of 31.3 trips per capita in 1999, com-
pared with only 28.6 trips per capita in 1995 (a 9% increase).2 
While these increases in transit patronage are encouraging, transit's overall share of 
metropolitan travel fell throughout the 1980s and the early 1990s and does not 
appear to have increased, even with the recent transit ridership increase. This is 
because cities continue to grow, and urban travel is growing even faster. Just 1.8 
percent of all person-trips in the United States were made by transit in 1995, down 
from a 2.2 percent share in 1983, and 2.4 percent in 1977. Nationwide, 4.5 percent 
of all commut trips were made by transit in 1983; by 1995, this share had fallen to 
3.5 percent (Federal Highway Administration 1995; Pisarski 1996). 
Previous Research 
Public transit ridership is influenced by a variety of factors, both internal and e~ter­
nal to the transit system. Internal factors are those under the purview of transit 
managers and policy boards, such as the quantity of service, fare structures and 
rates, scheduling, route design, and other aspects of service provision. Transit op-
erators can adjust the quantity of service provided and the fare charged in an ef-
fort to attract paying customers in the most cost-effective manner possible. Exter-
nal factors, in contrast, are those beyond a transit agency's control, such as popula-
tion and employment growth, residential and workplace locations, and factors that 
influence the relative attractiveness of transit (e.g., traffic congestion, gasoline prices, 
and parking costs). Changes in these external conditions can powerfully influence 
ridership. Because public transit tends to capture a relatively large share of com-
mut trips to jobs in central business districts, downtown employment growth is 
strongly correlated with both the quantity of transit service and transit patronage. 
Further, sharply increasing unemployment rates and overall reductions in consumer 
spending can significantly decrease both transit ridership and revenue {Fleishman 
et al. 1996; Taylor and McCullough 1998). 
Previous studies of transit ridership have identified several common factors that 
influence transit use. Among internal factors, increasing the quantity of service (in 
terms of service coverage and service frequency) and reducing fares are both found 
to have significant effects on ridership (Sale 1976; Cervera 1990). Systems with low 
unit costs, low fares, and low subsidies with spatially concentrated service have 
proven the most cost effective in increasing ridership (Hartgen and Kinnamon 1999). 
Kain and Liu (1996) estimate fare elasticity of ridership with respect to fare change 
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to be between -0.34 and -0.44, while the elasticity of ridership with respect to 
changes in revenue miles of service ranges between 0.70 and 0.89. A few studies 
found that pricing schemes, such as deep discounting,3 induce significant ridership 
increases, because such schemes account for different sensitivity to price among 
various market segments. Some transit agencies provide discounted transit fares 
to students through partnerships with universities-university transit pass pro-
grams-and have been very successful in increasing ridership without increasing 
service (Brown, et al. 2001). In addition to fare policies, some studies found that 
the quality of service-customer and on-street service, and station and on-board 
safety-is more important in attracting riders than changes in fares or the quantity 
of service (Cervera 1990). 
Among external factors studied, many researchers argue that residential and em-
ployment density are critical determinants of transit use, while the effects of land-
use mix and urban design are relatively small (Crane 2000; Pushkarev and Zupan 
1977). Demographic factors, such as personal income, auto ownership, and 
suburbanization of residential and job locations, also have been found to display 
significant effects on ridership (Kain and Liu 1995; Gomez-Ibanez 1996). Gomez-
lbanez (1996) found that transit ridership is strongly affected by forces beyond the 
transit system's control. For example, each percentage decrease in Boston's jobs 
reduces Massachusetts Bay Transportation Authority (MBTA) ridership by between 
1.24 percent and 1.75 percent, and each percentage increase in real per capita in-
come reduces MBTA ridership by 0.7 percent. The effects of fare and service poli-
cies are, by contrast, relatively small. A 1 percent increase in service increases rider-
ship by only between 0.30 and 0.36 percent, and a 1 percent reduction in fares 
increases ridership by between 0.22 and 0.23 percent. Finally, strategies to increase 
parking costs or the probability of a driver incurring parking charges are found to 
be more effective in increasing transit mode share than increasing either the fre-
quency or service coverage of transit (Transit Cooperative Research Program 1998). 
The studies cited here adopted a wide array of methodological approaches: 
1. correlation studies, 
2. simple regression models, 
3. multiple regression models, 
4. surveys/interviews, 
5. case studies, and 
6. literature reviews. 
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The more objective statistical analyses have typically focused on testing the rela-
tive causal influence of internal and external factors on transit ridership. Collec-
tively, these studies have found that external factors-such as population and em-
ployment growth-have had more influence on ridership than internal factors-
such as fares and service quantities. However, these aggregate statistical analyses 
have been hampered by limited and incomplete data, particularly concerning the 
external influences on patronage. In contrast, the more subjective studies based on 
literature reviews, surveys/interviews, and case studies have typically sought to iden-
tify the factors thought to affect ridership. Many of these studies, however, are 
relatively old, and most of them do not specifically ask about perceptions of cau-
sality or the relative influence of internal or external factors. In the survey described 
below, these two shortcomings were specifically addressed in the research on fac-
tors influencing transit patronage. 
Survey Design and Response 
Data for this analysis are drawn from a national survey of managers of transit sys-
tems that increased ridership. The goal of this survey was to ask transit managers 
about the factors they believe were responsible for recent ridership growth on their 
systems and to learn about the specific policies, programs, and planning efforts 
conducted on these increasingly well-patronized transit systems. To identify which 
transit systems were most successful at increasing ridership during the late 1990s, 
the NTD maintained by the Federal Transit Administration (FTA) was used to mea-
sure national trends in ridership during the 1990s.4 From the entire sample of 587 
reporting transit agencies, 227 agencies (or 62% of the sample) submitted com-
plete data for some form of fixed-route transit service5 and increased ridership 
(measured as unlinked trips) during a four-year period between 1994-1995 and 
1998-1999, a period in which transit ridership nationwide increased by 14 per-
cent.6·7 These 227 agencies carried more than 86 percent of the total unlinked trips 
reported to the FTA in 1999. 
Next, a questionnaire was developed and mailed a questionnaire to the chief ex-
ecutive of each of the 227 agencies. The questions were structured to allow re-
spondents to address key factors contributing to their effectiveness in increasing 
ridership. The survey consisted of a combination of closed-ended, open-ended, 
and ranking questions; the questions sought information about the costs and ben-
efits of programs and policies that contributed to ridership gains, the transit system's 
goals in increasing ridership, and how the ridership increase has benefited the com-
munity and the transit system.8 Findings from the literature review were used to 
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develop the list of programs and policies. In addition, the survey asked respon-
dents to discuss their respective agencies' future plans for maintaining and increas-
ing ridership. 
Five surveys were returned undeliverable, and a second attempt was made to con-
tact these agencies to obtain valid contact information. Follow-up calls were placed 
to a random sample of 60 agencies that did not respond to the initial survey. Five 
agencies that responded to the mailed survey indicated their ridership levels actu-
ally decreased during the period of this study (in other words, the NTD data were 
incorrect). These agencies were subsequently removed from the sample. In total, 
103 surveys were returned, for a response rate of 45 percent. 
There are some limitations to the data and findings. We would expect that transit 
officials are more likely to attribute their ridership growths to internally control-
lable programs than to external factors outside of their immediate control. In this 
sense, it is important to view the questionnaire results more as the perceptions of 
experts and less as causal explanations of noteworthy ridership increases. In addi-
tion, because the survey was sent to only one person in each agency, responses 
may be biased to the individual's perception of the effectiveness of particular pro-
grams and factors, rather than representative of the agency-wide perspective of 
ridership increases. Finally, since surveys were conducted only of transit agencies 
that added riders in the late 1990s, the results do not reflect the views of transit 
managers whose systems lost riders during this period. 
Survey Findings and Analysis 
The internal and external factors thought by transit officials to influence ridership 
are summarized in Table 1. These internal and external factors, however, can be 
highly interdependent. For example, although many agencies attribute increased 
ridership to service expansions and the introduction of new and specialized pro-
grams, these services are often dependent on demand. In fact, many agencies re-
port that an obstacle to increasing ridership even further is the lack of funds for 
more rolling stock and operating costs to meet demand. Nevertheless, throughout 
this study, external and internal factors are considered separately for purposes of 
analysis and presentation. 
Internal Fadors 
Survey respondents indicated that in recent years, policy-makers have sharpened 
their focus on increasing public transit ridership, due in part to legislation such as 
the Clean Air Act Amendments of 1990 and the Transportation Equity Act for the 
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Table 1. ltemal and External Factors Contributing to Ridership Growth 
Fare decrease or freeze 
Fare Changes and Innovations Universal fare coverage programs 
Introduction of new payment options 
Advertising 
Marketing and Infonnation Programs Niche marketing/marketing segmentation 
Survey research 
Customer satisfaction feedback mechanisms 
Expansion of routes (geographic/temporal) 
OJ Service Improvements Introduction of new/specialized service = 
""' Route restructuring ~ = ... Development of transit centers 
Development of park-and-ride facilities 
Amenities/Service Quality Increasing reliability of service 
Cleanliness of vehicles 
New equipment/rolling stock 
Bus stoo imnrovements fsian::iae shelters_ benches\ 
Community outreach/education 
Partnerships Planning and strategies 
Intra-agency collaboration 
Population Growth 
More immigration 
Rising transit dependency (aging populations, etc.) 
Economy and Employment Growth Increased tourism 
More demand for travel 
Cii 
c Suburbanization ""' Changing Metropolitan Fonn u 
"H Residential and employment relocation 
IA:! 
Increased conRestion 
Changes to Transportation System Parking shortage and increasing costs 
Rising gas prices 
- nrni..,.ta an..l ti ..... ..lolaua I 
21st Century. Questionnaire results concerning the operating changes that transit 
officials believe have helped increase ridership can be grouped into five general 
types shown in Table 2.9 These groups are: 
1. transit service improvements through route expansion, restructuring, and 
new or specialized services, 
2. fare innovations and changes, 
3. marketing and informational efforts, 
4. partnerships and community collaborations, and 
5. improvements to service quality and passenger amenities. 
Many transit systems report carrying out initiatives in several categories simulta~ 
neously. 
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For each item, Table 2 notes the number of transit systems per size category-(1) 
very small, less than 1 million unlinked trips, (2) small, between 1 and 2 million 
trips, (3) medium, between 2 and 5 million trips, (4) large, between 5 and 20 mil-
lion trips, and (5) very large, more than 20 million trips-responding that the item 
helped increase ridership. Each of the types of programs is discussed in turn below. 
Service Improvements. Transit systems have undertaken a wide array of service 
improvements that have resulted in ridership gains. Service changes are defined 
here as any changes that alter the type or quantity of transit service as perceived by 
the riding public. These can include service expansions, introduction of new or 
specialized services, and route restructuring. 
Table 2. Frequency of Reported Internal Factors 
Contributing to Ridership Growth• 
lntonal Progrrmr Vel)' .'Ynd/ Stm/I Md1n1 /age Very/age Totd 
rn~29J (n=/3) rn~w (n,17) (n~22) (n=/03) 
fl/ /2/ /3/ /.// /5/ /6/n{Jj+/2/• 
f3l•fl]+f5J 
&nice /tn/HTJ\temmts 
Scnic:e~ 23 13 17 14 16 83 
Rwu: Re5llucturing 19 12 II 12 8 62 
lnlrodlElion of?lb\~imi ScMccs 14 JO JO 6 II SI 
Ftn /mmaims aidOtonges 
New Payment OpCions 7 s 2 8 7 '19 
umeism lire Ccnaiise Programs (UK) 2 6 6 s 9 28 
lire Fra:zi:s and Dcacascs 12 I I 2 4 20 
J.fzrl:mng 
Ad\atisingllnfmmtim Programs 20 9 12 7 II 59 
Markct~x:hc Mub:lins 2 0 0 6 2 IO 
Pcnnmlrips aid Camlllli~ColkDor«ims 
Ernplo}u-tmcd Pmtnr:rships (mcl. UR) 3 7 6 9 8 33 
Unhersity-b:lscd Partnr:rsbips (mcl. UR) 3 4 7 s 6 25 
Comnunity Qmaich mid Local G:nanmcnt 2 0 3 2 0 7 
Social ScMccs Collaboralims I I 0 I 2 s 
&nice Qudi~aidAmmities 
Impmm Schcdulc'Scnic:e Rclialility I 0 2 3 I 7 
Pmk-and-Ridc Lds I 2 I (I 2 6 
RaililcYe.lqmcn1 (I I 0 0 4 s 
Tmnsit Caller hqlro\cm:ats I 0 I I 0 3 
Safety, Clc::aoliB:ss 0 0 0 3 0 3 
NcwB.JSCs I 0 0 0 I 2 
:NoCc: Mulliplcxespcn;cs, do m sum to 100%. 
~ Qicstiamain: results n:flca pai:qili<n of~ and not ~ aimm eqilmi:lic:ns of ridciship incnmcs. 
:Results dom rd1cct transit lllBmjJ:IS. \ic\\s oo chc mmru: c:ffcanm:ssof coch mcsm: bcc:wsc these ci1t1 do not include 
n:spcmcs fian transit~ \\OO implcmcnll:d these measures but did not paa:hc them to lmc 1111 effect oo ridership. 
lh lntaml.............,. arc llll1ked in descaidirur order lmcd oo the 11\'Cllll!: n-nnrtNI in column 171. 
A~ Rm:b 
/7/ 
-{6fi103 
81% I 
60'/o 2 
SO% 4 
28% 6 
27% 7 
19% 9 
57% 3 
JO% JO 
32% s 
24% 8 
7% II 
S% 14 
7% II 
6°/o 13 
S"lo 14 
3% 16 
3o/o 16 
2% 18 
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Table 3. Reported Transit Service Improvements 
Contributing to Ridership Growth 
AraqN_. F/f«dvaw 1)pr of EzpaluJtNI 
YetySnuz/1 AbiMda Fcny Scrvica Very effective F~ 
Allmcda Fcny Scrvica VcryelTcctivo New Scrvico-linldn11 activi1Y ec11tcr 
Cape Ann Tnnspomtioft Aulhority Did llOI specify New~ putc·and·ridc lhunlc 
Cape Cod Regional Transit Authority Did ll01 lpCICify New Scrvico-aummcr trolley 
Dutchcu County Divisioa of Mus Trampod&tioa (LOOP) Did notlpCICify New Scrvico-mallcd lrllUpOrt&llon 
Eau Claire Tnnsi1 Sy&tcm SomcwbalcfTcctivc Tcmporal-alt:lldcd cvcaiaa and/or wcckcnd 
MOllllChUICll Rcpmal Trmspontioa Autbortiy SomcwfW cft'cctivc ~ cvcniaaandl« wcckcad 
Rcddia3 Arca 8111 Alllhority DidnotllpCCify OcioznphiQ-lfta apamion 
Tri-Stac Trllllll Alllhority VerycfTcctivc New Scrvico-pantrlnt 
Tri-Sl&IC Transit Alllhority VcryelTcctivc Tcmporal-alt:lldcd cvcning and/or wcdtcnd 
TlllC&loosa County Puking and Tnmit Alllhority Did llOI specify Oco~ expansion 
Small Lakdand Ara Transit Diltrict Somcwh&t clTcctivc Gcogrlphic-erca expansion 
Lakeland An:a Transit DiSlrict Somcwb&t clTcctive RC$ll'llCIW'C Roulel-bct1er cransfm 
Sonoma County Transit Somewhat clTcctivc New Scrvico-1C11ior ro111e1 lllld expanded p&l8lra!Uil 
MalhuR Ann Arbor Tniuporwion Alllhority VeryclTcctivc Ocopphic-cna cxpaasioa 
Ann Arbor Tnnsportalioo Au1hority Somcwbal cfTcctivc R~ Routo-bcUcr cransfcn 
Ccalrll Arlwisu Trmsit Authority VerycfTcctivc T~ cvcnillg cmdlorwcckcad 
Onad R&pida Transit Audiority Very effective Ocognphic-cta cxpaasioo 
Kalamlzoo Mctn> Tnn&it Sysian Did aol specify Qcosnpbic-&n:a apaasioa 
Kalanazoo Mctn> Transit Sysmn Did DOI specify Ternponl--almdod CIYClliag and/or wcckcnd 
Laington-Faycuc County Trsnaport&lion Audlority VcryclTcctivc fRlqllClle)' 
Lcaington·Paycuc Co1111ty TnlllpOll&tion Autllarity Very clTcctivc R~ RoulQ-fo serve 1111ivcnity amllCClicms 
Monorail Tnnsit ofSc&nlc Somewhat clTcctivc Frequency 
Rock lll&nd County Mclro!ink Did CIOl spccify New Scrvic-1 ferry 
Salem Ara Mass Tnnsit Diitrict Very clfmivc Fn:quaicy 
Salan An:a Mm TRllSil District VeryclTcctivc Ocoplpbic-cna expansion 
Sualinc Tnn&it Agency Very clTmivc Frcqucncy 
Sualillc Tnn&it Agency Very clTmivc Ocopphie-ciea cxp&lllioa 
Sualillc Transit Agency Very clTmivc New Scrvx-dial+ricle intercity commlllCI' service 
VOTRAN ·County ofVolulsia VeryelTCClivc Ocognphic-cR:a cxpaasion 
Wha1alm Tnnsponalioa Alllborlty Somcwtl&I clTcctivc A.csuuecme Roulcl-<oMCCI univcnity and sboppillg 
Wichilll Tnnsil Somcwhal clTcctivc New Scrvic~ghborhood routes 
Ll:tp Clpilll Dlslrict Tnnsponation Aulhority Did not qiccify New Scrvicc-wclfuc-ao-worlc 
Clpilll Dlslrict Tnnsponation Aulhority Somcwhal clTcctivc llalnldUrC Rau~ of cin:11l1tors 
Ccnual Ohio Transit Authority Somcwhal clTcctivc Ocognrphic-cR:a CJ.p&Mion 
Qulolt4DOT VcryelTCClive PR1q11Ct1C)' 
Colplll Christi Rqiional Tl'llllp01Ulioa Authority ALiale Cicqp1rpbic-cR:a apansion 
Flint Mus Transportation Alllborlty Did ll01 specify Ncw~a:ccu 
Pinellas SllllCO&SI Tnnsit VeryclTcctivc New Scrvico-bcacb trolley 
Pincllu SllllCO&SI Transit Veryefl'cctivc RcslrucQue Raub-improve diiut connccliolls 
Rhode Island Public Tnnsil Alllhority VeryclTcctivc Ocognpbie--cRI capaaslon 
Rhode lll&nd Public Trmsil Authority Verycfl'mivc New ~ical lnnsporUlion 
Sllbcuban Moblli1y Authority VeryclTcctivo New Scrvico-pan1nn1i1 
Subwban Mobility A111hority Veryclfcctivc Ratruaure Routca-SUburban job growth l1Cll 
Suburban Mobl1ity AU!hority Vayclfmivc Temporll-alC'lldcd evening and/or wcdcend 
Yay/.alp AlamcdllContra CoSla Tramil District VcryclTcctivc Tcmporal-alt:lldcd evccing rzwJ/or wcckcad 
Clliclao Tnnsil Alllhority Did not specify New Scrvico-limiled stop ICn'icc 
Los Anactca County Mcuapoliwl TnmportllioD Aialbority VcryclTcctivc New Scrvico-noid bus 
Miami-Dade Transit Somcwhal elTmivc New Scrvico-miDi bul rolllCI 
Pan Alllhority of Allegheny Somcwhal elTcctivc Re&UUCtmc ~and lhualc 
S&ata Clara Valley TrlllSpOn&lioo Alllhority Somcwhal effective Frcqcaicy 
Santa Monica Municipal Bui ~ery~~vc Cieognphic-crca Cll.plRSion 
"·-~ ••--•- U-·-'-'-·' Q,_ 
Note: Only agcacica lhll specified the type or cxpamlon GO lllcludcd above. 
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Service Expansion. Service expansions mentioned by respondents include pro-
grams that increase service hours, provide additional or extended evening and/ 
or weekend service, and expand the geographic coverage area through new 
routes. At least 73 percent of transit systems in all size categories, and 81 per-
cent of all agencies, reported that service expansions and changes contributed 
to ridership increases (Table 2). 
Introduction of New/Specialized Services. Agencies also reported that the 
introduction of new services targeted to populations with specialized needs 
(e.g., welfare-to-work recipients, tourists, the disabled, and senior citizens) 
helped increase ridership. Fifty percent of all responding transit systems, rang-
ing from 35 percent of large systems to 77 percent of small systems, report 
that new and specialized services contributed to their ridership increase (Table 
2). Some service changes were implemented in response to changing urban 
form and travel patterns; for example, the Sunline Transit Agency {CA) intro-
duced intercity commuter services to meet growing suburbanization and in-
creasing travel distances. 
Route Restructuring. Most of the route restructuring reported by transit sys-
tems involved service modifications (e.g., redesigning routes for efficiency, sim-
plifying routes for user-friendliness, eliminating unproductive service, redirect-
ing obsolete service, eliminating deviations, coordinating radial/grid routes, 
creating tiered systems of transit, and focusing service on major corridors and 
activity centers). Above all, transit officials report that they attempt to struc-
ture services to better match an increasing variety of travel needs within di-
verse markets. These special needs include commuter travel from suburb-to-
suburb, seasonal tourism, welfare-to-work transportation, and medical trans-
portation programs. For example, the Redding (CA) Area Bus Authority re-
ports that improved service and broader coverage has diversified mode choice 
options for many trips. 
Table 3 identifies agencies that specifically cited particular types of service im-
provements-either through expanded geographic coverage area, temporal 
expansion of service (i.e., new evening and/or weekend service), route restruc-
turing, or the introduction of specialized services-with the reported degree 
to which respondents attribute ridership increases to service improvements. 
Fare Innovations and Changes. Fare and pricing adaptations that change the 
fare level, fare media, or payment options alter the price of transit service rela-
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tive to its quality and convenience. Types of fare adjustments mentioned by 
respondents include changes in base fares, passes and discounting strategies, 
changes to transfer policies that effectively lowered fares, and partnerships with 
businesses or other organizations or institutions to provide discounts or uni-
versal fare coverage. 
Fare Decreases and Freezes. Nineteen percent of all responding transit sys-
tems, ranging from less than 5 percent of medium systems to 41 percent of 
very small systems, report that a fare decrease helped increase their ridership 
(Table 2). Some transit agencies use deep discount pricing strategies by offer-
ing a per ride discount with the purchase of multiple rides, which increases 
ridership without losing much fare revenue (Oram 1990). In addition, some 
transit systems have kept cash fares the same for many consecutive years in 
the face of inflation, which is a de facto fare decrease. For example, the Cape 
Ann (MA) Transportation Authority kept its shuttle fares at $0.25 and $0.50, 
and reports that the low fares have helped increase ridership over time. Simi-
larly, the Orange County (CA) Transportation Authority, which has not insti-
tuted a fare hike in nine years, reports that its ridership growth may be due in 
part to steady fares. 
Special fare promotions and "free fare" events, however, have been used to a 
lesser extent to increase ridership. Ben Franklin Transit (WA) experimented 
with fare-free local routes on Wednesdays and Saturdays. The agency found 
that the free days introduced new riders to the system, thus increasing rider-
ship on regular fare days. Although the agency reports reduced revenue from 
the free service, the loss was minimal since fares were only $0.40 to $0.50. 
New Payment Options. Technological advances in recent years have brought 
stored value card technology to transit, and in some cases transit cards can be 
used on more than one transit system. Twenty-eight percent of all responding 
transit systems, ranging from 9 percent of medium systems to 47 percent of 
large systems, report that new payment options helped increase their rider-
ship (Table 2). Omnitrans (CA) reports that it has equipped buses in Riverside 
with new add-on farebox units for handling the new technology, offering pas-
sengers a choice among a variety of fare media at minimum operations costs. 
Rhode Island Public Transit Authority (RIPTA) also has created one-day and 
family passes that are targeted to tourists. Other agencies, such as Bay Area 
Rapid Transit (BART) and Sonoma County Transit (both in California) have 
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also provided pass sales over the Internet and credit card and debit card pay-
ment options at stations. Many of the respondents believe that the new flex-
ibility in fare payment has helped increase ridership, although its degree of 
effectiveness is relatively small when compared with fare media changes. Most 
agencies that reported fare media changes-generally discounted passes or 
ride cards that also lowered fares for frequent riders-reported a greater de-
gree of effectiveness in increasing ridership. 
Table 4. Reported Fare Restructuring Contributing to Ridership Growth 
~N:nr! f ffec/Atn:ss 1jpe of ftrwrma- OJmw 
Veryfmil Elu Claire Trmsit ~stem VaydTccrnc Fmelitc-JC 
Elu Clain: Trmsit ~stem Vaycffixli\C uu,c:nity-hml ~ma! fm:w.~ 
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Universal Fare Coverage Programs. In combining fare discounts and the in-
novation of new fare media and payment options, some agencies have imple-
mented universal fare coverage programs in partnerships with local agencies, 
businesses, or institutions. In a universal fare coverage program, local public 
transit systems provide fare-free transit service for all members of a particular 
community, such as employees of a business or students of a local university 
or school.10 The partnering agency or institution typically pays the transit agency 
an annual lump sum based on expected ridership, and riders show their busi-
ness or school identification to receive either free or heavily discounted transit 
rides. Table 4 summarizes the types of fare programs or changes that agencies 
reported and the degree to which the respondents believe they have affected 
increased ridership. 
Fifteen agencies attributed ridership increases to university-based fare pro-
grams, of which 13 agencies reported that the programs significantly helped 
increase ridership. Thirteen agencies surveyed reported that partnerships with 
businesses-either employer subsidized passes or universal fare coverage-
helped increase ridership levels. The City of Rochester (MN), Ann Arbor Trans-
portation Authority {Ml), Salem Area Mass Transit (OR), Capital District Trans-
portation Authority (NY), and Suburban Mobility Authority {Ml) all reported 
that such programs were highly effective in increasing ridership. 
Marketing. New marketing strategies include general information programs 
and programs targeted at specific riders or specific services. Marketing strate-
gies increase the level of information about transit services without actual 
changes to the services themselves. Table 5 summarizes the types of market-
ing programs or efforts that agencies reported and the degree to which the 
respondents believe they have increased ridership. 
Advertising and Information Programs. In all size categories, more than half 
of the respondents made reference to marketing initiatives as major factors. 
Fifty-seven percent of all responding transit systems, ranging from 41 percent 
of large systems to 69 percent of very small and small systems, report that 
general marketing and advertising campaigns helped increase their ridership 
(Table 2). 
Market Segmentation and Niche Marketing. Transit agencies have pursued 
innovative marketing techniques aimed at certain submarkets. Market seg-
mentation, widely used throughout the transit industry, is the practice of iden-
tifying groups of people who have similar characteristics or needs and who are 
Increasing Transit Ridership 
likely to exhibit similar purchase behavior and/or responses to changes in the 
marketing mix (Elmore-Yalch 1998). Ten percent of all responding transit sys-
tems report that market segmentation defined by geographic area, trip pur-
pose, or socioeconomic characteristics helped increase ridership (Table 2). For 
example, Kingsport (TN) Area Transit Service targets markets that are most 
likely to rely on transit service: welfare recipients, low-income workers, and 
disabled citizens. Chicago (IL) Metra emphasizes niche marketing to off-peak 
and discretionary, reverse commute, and suburb-to-suburb riders, to broaden 
their market beyond traditional downtown riders. 
Partnerships and Community Collaborations. When transit systems coor-
dinate services with businesses, organizations, or institutions, they attempt to 
address the needs of a specific market on a unique basis. In particular, transit 
Table 6. Reported Partnerships (Excluding Fare Programs) 
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systems in recent years have begun to enter into partnership with colleges and 
universities, employers, housing developers, and social service agencies and 
clients. In addition to universal fare coverage mentioned previously, transit 
systems report that they have increased ridership because they reach a wider 
range of citizens by adding new service or tailoring existing service to the riding 
patterns of specifically targeted groups. Table 6 presents collaborative programs 
reported by respondents.11 
Employer-based Partnerships. Several agencies reported that they work in 
cooperation with local businesses to provide service to employees, reduce 
parking pressures on businesses, and encourage a higher transit mode split. 
Thirty-two percent of all agencies, ranging from 10 percent of very small sys-
tems to 54 percent of small systems, reported some interaction or collabora-
tion with the local business community such as universal fare coverage pro-
grams, information programs, or service planning. For example, RIPTA, Chi-
cago (IL) Transit Authority, and Tacoma-Pierce {WA) Transit have partnered 
with local businesses to provide commuter benefit and rideshare programs. 
University-based Partnerships. Rosenbloom (1998) and Brown et al. (2001) find 
that university-based transit programs are among transit's key success stories 
in the United States. Twenty-five transit systems (or 24% of transit systems 
responding to the questionnaire) report that coordination with colleges and 
universities in their service area helped increase ridership by gearing transit 
service toward the university community. Ten percent of the very small, 31 
percent of small, 32 percent of medium, 29 percent of large, and 27 percent of 
very large agencies reported working with universities to better serve travel 
needs and thus increase ridership. 
Community Outreach and local Government. Seven percent of the agen-
cies reported that support from citizens and local governments has been criti-
cal in implementing service to attract riders. Through community meetings 
and local government support, agencies are better able to address public needs, 
build support and consensus, and develop community objectives and priori-
ties. Most important, these outcomes led to an increased likelihood for fund-
ing. For instance, Sioux Falls (SD) Transit reported that its city government 
strongly supported transit, and this has ensured funding and facilitated mar-
keting. 
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Social Services Collaborations. Five percent of all responding transit systems 
also report that partnerships established with human and social service agen-
cies have helped boost ridership (Table 2). Transit systems are assessing how 
public transit can address the needs of the potential market. Three transit sys-
tems report that their coordination with welfare-to-work programs has helped 
increase ridership: Kingsport {TN) Area Transit Service (KATS), Visalia City (CA) 
Coach, and Five Seasons Transportation (Cedar Raids, IA). Usually the county 
Small 
Medium 
Table 7. Reported Service Quality and Amenities 
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department of welfare purchases transit passes from the transit system for 
eligible clients to facilitate travel to social service agencies, job training centers, 
and potential employment locations that are dispersed across a wide geographic 
area. 
Some transit systems have been successful in converting a large number of 
taxi and medical transportation passengers to public transit. In Poughkeepsie 
(NY), the Dutchess County Mass Transit acquired responsibilities for the County 
Medicaid Transportation program. In addition, some systems report modify-
ing and expanding bus routes to meet the needs of the traveling public. KATS 
also reports that it serves a large number of disabled passengers; when the 
City eliminated its taxi subsidy program, many passengers shifted to transit. 
Service Quality and Amenities. Many of the survey respondents mentioned 
the importance of improvements or enhancements to the quality and reliabil-
ity of current or new transit services. Apart from service modifications, some 
transit systems have made service quality improvements that have helped in-
crease ridership. Twenty-five percent of all responding transit systems report 
that passenger amenities and other quality improvements that enhance the 
experience of riding transit helped increase ridership (Table 2). These service 
quality and amenity improvements include reducing headways; increasing ser-
vice frequencies; improving service reliability; adding bus shelters, benches, 
signage at bus stops, and park-and-ride lots at rail stations; and improving safety 
and cleanliness. Table 7 summarizes the amenity improvements reported.12 
Pork-and-Ride lots. Several transit systems report that they have coordinated 
transit services with parking. Five Seasons Transportation has assumed man-
agement of downtown parking in Cedar Rapids (IA) and subsidizes citywide 
transit with downtown parking revenue. Other systems operate suburban park-
and-ride facilities. Chicago's Metra, Salem (OR) Area Mass Transit District, 
Southwest Ohio Regional Transit Authority, Ann Arbor Transportation Au-
thority, Greater Roanoke (VA) Transit, Cape Ann (MA) Transportation Au-
thority, and City of Rochester (MN) maintain park-and-ride lots and attribute 
ridership growth, in part, to commuters. 
Rail Development Five agencies report that rail projects have been helpful in 
increasing ridership during the late 1990s. Livermore/Amador Valley (CA) at-
tributes 20 percent of its ridership growth to BART's extension into its service 
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area. The Los Angeles County (CA) MTA and Washington (DC) Metropolitan 
Area Transit Authority both report that expanded rail routes and services were 
a major factor contributing to the ridership increases. Denver (CO) Regional 
Transportation District also attributes ridership growth to a new light rail line 
serving suburban commuters. The agency reports that future plans include 
further light rail development and the linking of buses into the rail configura-
tion. Boston's MBTA reports that commuter rail expansion has heavily con-
tributed to ridership growth by increasing capacity and improving the reliabil-
ity of the transit system. 
While rail development may increase system capacity and attract new riders, 
it may also increase the number of transfers needed to complete a journey 
and thus increase the number of unlinked passenger trips, but not the total 
number of linked trips. 
Transit Center Improvements. A few respondents reported that their agen-
cies had created or were in the process of developing new intermodal transit 
centers to help coordinate and improve transfers among transportation modes. 
These centers provide rider-friendly environments and amenities for waiting 
passengers. Rock Island (IL) Metrolink completed a new $8 million transfer 
center in 1998 as a joint development project between a municipality and a 
private development company. The transfer center was an integral part of a 
large downtown redevelopment program, and the transit system was a signifi-
cant partner in economic development. According to the agency, the transit 
center allows more convenient and secure transfer between routes and pro-
vides greater mobility for residents. 
Space Coast (FL)Area Transit and Pinellas (FL) Suncoast Transit and Lexington-
Fayette County (KY) Transportation Authority reported improving and pro-
viding bus stop signage and information, shelters, or seating. 
As with rail development, some of the increase in unlinked passenger trips 
associated with restructuring bus routes around transfer centers may be due 
to an increase in the number of transfers, but not necessarily to an increase in 
the number of linked passenger trips. 
Safety, Cleanliness, Reliability, and Shortened Headways. Several agencies 
such as Fresno Area Express and Montebello Bus Lines (both in California) and 
Regional Public Transportation Authority (AZ) reported that safety and clean-
liness were important factors in attracting riders by changing perceptions about 
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transit and increasing the comfort of the rides.Efforts to increase service reli-
ability were also important in attracting riders and included shortening 
headways, increasing schedule adherence, and reducing wait times. San Juan 
(PR) Metropolitan Bus Authority aggressively works to comply with schedules 
and attributes ridership growth to their increasingly dependable service. 
New Buses. While agencies often mentioned bus procurement as a factor in 
providing increased service, a few agencies specifically named acquiring new 
buses as a way to improve passenger comfort and convenience. Some respon-
dents claim that the acquisition of new handicap-accessible, low-floor buses 
has been instrumental in attracting specific populations as well as increasing 
the reliability of the fleet for more dependable service. 
Among the many internal factors identified by survey respondents, service im-
provements, such as service expansion, route restructuring, and introduction of 
new/specialized services, are the most frequently reported (Table 2). And service 
improvements were also most frequently cited by respondents as having positive 
effects on ridership (Table 3). Following service improvements, advertising/infor-
mation programs were mentioned by more than half of the respondents. Views on 
the effectiveness of these programs were mixed, however; the managers of smaller 
transit systems were more likely than their counterparts in large transit systems to 
believe that advertising and information programs helped to increase patronage 
(Table 5). As noted in the literature review, few agencies implement fare freezes or 
reductions in an effort to increase ridership (Table 2), and respondents to the sur-
vey reported here were generally skeptical of their effectiveness, even managers of 
systems that implemented fare freezes or reductions (Table 5). In contrast to across-
the-board fare reductions, two fare innovations-new payment options and uni-
versal fare coverage programs-were frequently cited as having significant effects 
on patronage (Table 5). Lastly, two forms of institutional partnering-employer-
based and university-based-are cited by one-third and one-fourth of respondents, 
respectively (Table 2), as having significant effects on ridership growth (Table 6).Be-
cause many of the statistical analyses of transit ridership have found that external 
factors-those outside of the control of transit managers-have significant effects 
on changes in transit ridership, transit managers' perceptions of the importance of 
these factors are explicity analyzed in the following section. 
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External Fadors 
External factors, outside the direct control of transit agencies, are less relevant to 
transit managers than internal factors, but nevertheless they are clearly important 
determinants of transit patronage. These external factors are subdivided into five 
categories: population growth, employment/economic growth, changing metro-
politan form, and changes to the transportation system (Table 8). 
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Population Growth and Increased Immigration/Transit Dependency. Lo-
cation in a rapidly growing metropolitan area contributes to the success of 
some transit systems. Regional population growth expands the pool of poten-
tial riders and usually results in more activity and more travel. High population 
growth was mentioned by survey respondents in all five agency-size categories 
and in all regions of the country. Some respondents identified particular grow-
ing population subgroups as important transit markets that have contributed 
to the growth in ridership. These subgroups include the Latino population for 
Santa Maria (CA) Area Transit and Annapolis {MD) Transit and senior citizens, 
many of whom are no longer able to drive automobiles, for the Pasco County 
(FL) Public Transportation Authority. Some agencies also target new residents 
moving into the service area to encourage transit use. Snohomish (WA) Com-
munity Transit and Sioux Falls (SD) Transit, for example, market to new resi-
dents in the area through targeted mailings or Welcome Wagon promotions. 
Employment Growth. Since growth in employment generally accompanies 
growth in population, one can reasonably assume that accompanying employ-
ment growth also played a role in ridership increases. Previous research has 
found a relationship between system size and employment level. According to 
Kain and Liu (1996), "service miles supplied is a policy variable highly corre-
lated with both employment and population in the service area:' There are 
certain employment/worker subgroups that respondents have identified as 
contributing to their overall ridership increase. For example, the Jackson (TN) 
Transit Authority reports that large employment growth among part-time fast-
food workers, who typically depend on transit for their commute to work, 
helped to increase ridership.13 In addition, local governments in some rapidly 
growing areas have partnered with transit agencies to increase and integrate 
transit service to attract businesses and light industrial companies to locate in 
the area. 
Increasing Transit Ridership 
Economic Growth. During the early 1990s, aggregate transit ridership nation-
wide was declining slightly, coinciding with lagging economic performance 
nationally. After the economic recession of 1989-1993 abated, the late 1990s 
were marked by a sustained period of economic growth nationwide. Some 
transit officials report that, with a healthy economy, more people are working, 
have more money to spend, and tend to travel more. For example, the Orange 
County (CA) Transportation Authority reports that an improved local economy 
in recent years has helped increase its ridership. Meanwhile, other transit offi-
cials report that transit ridership fell during the period of economic growth, 
concluding that the robust economy improved incomes and increased levels 
of automobile ownership, which led to increased auto travel and decreased 
transit use. 
Some respondents report that their transit systems have begun to pay more 
attention to visitor and tourism demands. The Cape Cod (MA) Regional Tran-
sit Authority notes that an expanding tourist industry has helped increase its 
ridership. Transit systems also can make transit travel attractive to tourists 
through route design and payment options. As mentioned earlier, some agen-
cies have created pass programs and specialized services to serve tourist and 
visitor needs. These include Escambia County (FL) Area Transit's beach trolleys 
and Rock Island County (IL) Metrolink's seasonal ferries. Seasonal peaking, how-
ever, may be difficult to manage in the long term because it does not effi-
ciently use capital and labor throughout the year. 
Changing Metropolitan Form. Many academics and researchers have attrib-
uted transit's decline in the United States to the suburbanization of jobs and 
households (Fielding 1995). Low-density suburban neighborhoods separate 
homes both from each other and from commercial establishments. Decen-
tralized job sites and residences are difficult to serve by traditional public tran-
sit because transit works best when a large number of people are all headed to 
activity nodes that contain various destinations. Dense and compact sites are 
more conducive to efficient transit operations than dispersed and sprawling 
patterns of urban development. For suburban transit systems, however, grow-
ing suburbs mean more riders. While sprawling homes and worksites are blamed 
by many for decreasing transit use, the respondent from the Sacramento (CA) 
Regional Transit District reports that a state policy of locating office buildings 
along transit lines (both bus and rail) has helped boost ridership. 
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Changes to the Transportation System {Congestion, Parking Shortage/ 
Costs, and Gas). Significant travel time and dollar savings can induce riders to 
switch from other modes to transit. Snohomish (WA) Community Transit re-
ports that the addition of high-occupancy vehicle/bus lanes on the Interstate 
5 corridor has helped boost its ridership by reducing the time costs of transit 
travel relative to single-occupancy driving. The transit system reports that its 
"commuter express" serves a well-defined commuter need and is an impor-
tant market where transit can be competitive against the single-occupancy 
vehicle. 
Changes to the price of traveling by automobile, which is transit's chief competitor, 
can affect people's mode choices. The Orange County (CA) Transportation Au-
thority reports that the rising cost of owning an automobile (especially the cost of 
insurance and fuel) as well as stiff penalties for OWis (driving while intoxicated) 
and driving without a license have helped increase ridership. In addition, 15 per-
cent of all agencies pointed to increasing congestion and time costs of driving and 
believe that this disincentive to car use has given people an incentive to use transit. 
Other agencies, such as Whatcom (WA) Transportation Authority and Southwest 
Ohio Regional Transit Authority, reported that increasing parking costs, high de-
mand for parking, and parking shortages have been influential factors in the agen-
cies' abilities to attract riders. 
Several agencies also reported that regional construction projects, though local-
ized and temporary, have also helped to increase the viability and attractiveness of 
transit use. Washington (DC) Metropolitan Area Transit Authority's rail construc-
tion, Boston's MBTA's "Big Dig" highway/tunnel project, and highway and riverfront 
construction in the Southwest Ohio Regional Transit Authority's area are all ex-
amples cited of local and temporary disruptions to transportation systems that 
have shifted some drivers to transit. 
It was expected that respondents to the survey would be more likely to cite inter-
nal factors and less likely to cite external factors in explaining transit ridership growth 
on their systems. And this was, indeed, the case, though external factors were cited 
more often than we might have guessed. Among the six factors reported, popula-
tion growth, economic/employment growth, and worsening traffic congestion are 
considered by the respondents to have significantly affected ridership. Interest-
ingly, respondents from medium-sized, large, and very large agencies were far more 
likely to cite external factors than their counterparts at smaller systems. 
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Conclusions 
This study conducted a national survey of transit agencies in the United States that 
added riders during the late 1990s to identify what factors are considered by tran-
sit managers to have most significantly influenced recent ridership growth. Transit 
managers were asked about recent changes in their systems and what factors-
both internal and external-they believed to be most responsible for increasing 
ridership. Overall, service improvements were the most frequently cited factors. 
This is perhaps not surprising because (1) more frequent service and broader net-
work coverage increases capacity to serve more riders, and (2) such service im-
provements often {though not always) occur in response to increasing demand. 
While survey respondents were collectively skeptical of the effects of across-the-
board fare reductions on ridership, they were generally enthusiastic about the in-
fluence of universal fare coverage programs (combinations of fare discounts and 
new fare media and payment options). These universal fare coverage and partner-
ship programs represent the efforts of transit systems to improve their flexibility 
and responsiveness in meeting mobility needs of particular market segments and 
changing demographics and development patterns. Although several previous stud-
ies of transit ridership have found that service quality improvements (such as more 
reliable service, cleaner vehicles, safer, more attractive stops) trump fare reduc-
tions in attracting riders, relatively few respondents attributed patronage growth 
to improvements in the quality of service. 
As expected, the transit managers surveyed were more likely to cite internal fac-
tors to their systems as responsible for increasing ridership, rather than external 
factors. Among those who cited external factors, population growth, economic/ 
employment growth, and worsening traffic congestion were the most frequently 
mentioned. Only a few respondents cited policies or programs to increase the cost 
of driving {these concerned increases in parking costs); that such measures were 
rarely cited probably reflects the fact that such policies are, in most cases, beyond 
the control of transit managers, and not that they are ineffective in motivating 
transit use. 
While one must keep in mind that the findings of this survey are limited to the 
perceptions of transit managers responding to the survey, this study does offer an 
illuminating snapshot of the strategies pursued by transit systems that added rid-
ers during the 1990s. In particular, transit systems have employed a wide array of 
fare and service innovations coincident with increasing patronage. While the cau-
sality between system changes and ridership growth is only hypothesized by 
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respondents to this survey, the respondents are, as a group, professionals for whom 
the relationship between transit service provision and transit service consumption 
is a daily (pre)occupation. As such, the findings here, at the very least, reflect the 
views of informed observers. As the next step in this research, we plan to comple-
ment this study with a statistical analysis of national ridership, service provision, 
and economic data in an effort to measure the relative effects of both internal and 
external factors on transit ridership in the 1990s. 
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Endnotes 
1. The NTD reports the number of unlinked trips. According to the American 
Public Transportation Association (APTA 2001), an unlinked transit trip is a 
trip on one transit vehicle. A person riding one vehicle from origin to destina-
tion takes one unlinked trip; a person who transfers to a second vehicle takes 
two unlinked trips; a person who transfers to a third vehicle takes three un-
linked trips. APTA estimates that the number of people riding transit on an 
average weekday is 45 percent of the number of unlinked transit passenger 
trips. 
2. These numbers are based on the Federal Transit Administration's NTD and 
differ somewhat from the longer-term ridership statistics provided by APTA 
cited earlier. This is because the NTD includes only those agencies that receive 
federal funds and thus report to the FTA, while APTA estimates ridership for 
6,000 transit systems, whether or not they report to the NTD. Most data cited 
in this study are drawn from the NTD, supplemented by the U.S. Census and 
the Nationwide Personal Transportation Survey. 
3. Deep discount fare policies stratify transit markets into segments based on 
two primary factors: (1) frequency of use and (2) sensitivity to cost (Fleishman 
1993). Such policies generally offer a per ride discount for the purchase of a 
multiple-rides pass or transit card, aiming to induce potential riders with low 
usage and high price sensitivity to increase overall transit patronage. 
4. The NTD, formerly known as Section 15 database, is a system of accounts and 
records reported annually by the more than 500 transit systems that receive 
federal transit subsidies. These transit systems are required to report a wide 
range of data to the FTA concerning the finance and operation of their system. 
Although the NTD is clearly the best, comprehensive, cross-sectional transit 
data source, it is not without limitations. For example, not all systems report 
data to the NTD because systems that do not receive federal subsidies are not 
required to report. However, the transit systems operating the vast majority of 
service and carrying the vast majority of passengers in the United States do 
report to the NTD. The authors estimate that, nationwide, 93 percent of all 
transit ridership is counted in the NTD. The APTA estimates a grand total of 
9.17 billion unlinked passenger trips taken in 1999, while the FTA's NTD re-
ports that 8.52 billion unlinked passenger trips were taken (8.52 + 9.17 = 0.93). 
APTA's ridership estimates are available online at http://www.apta.com/stats/ 
ridershp. 
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5. Such as bus, trolleybus, light rail, heavy rail, commuter rail, ferryboat, cable car, 
inclined plane, monorail, jitney, or automated guideway. 
6. For the many agencies that provide both fixed-route and demand-response or 
taxi services, the authors included data only on the fixed-route modes (so the 
data analyzed here may differ slightly from NTD published "totals" for each 
agency). 
7. Most transit researchers would agree that linked trips (i.e., trips that include 
transfers) and passenger miles data (i.e., total trips * average trip length) are 
more telling and less biased measures of transit use. But reliable, comparable 
cross-sectional data for either of these measures of transit service consump-
tion are simply not available. Lacking data on these measures, the authors (and 
nearly all previous research on transit ridership) use unlinked trip data. 
8. In some cases, open-ended questions were grouped together based on similar 
responses. 
9. Some observers may be surprised to learn that increasing ridership is typically 
not an explicit goal of transit systems, since it often conflicts with service utili-
zation and budgetary goals. Nevertheless, some transit systems surveyed re-
ported that increasing ridership is among their objectives. For example, the 
Cleveland (OH) LAKETRAN reported a goal of serving 1 million riders in 2001; 
the Antelope Valley (CA) Transit Authority intends to increase transit rider-
ship by 5 percent per year; Chicago (IL) Metra hopes to increase growth 2 to 3 
percent per year; Vallejo (CA) Transit intends to increase midday and week-
end ridership on its ferry system; and the Orange County (CA) Transportation 
Authority has estimated that the system must grow by 50 percent in the next 
5 or 6 years to accommodate forecast ridership. 
10. A detailed review of universal fare payment programs in universities-also 
known as unlimited access-is given in Brown et al. (2001 ). The authors found 
that at the universities studied, student transit ridership increases ranged be-
tween 71 percent and 200 percent during the first year of unlimited access, 
and growth in subsequent years ranged between 2 percent and 10 percent per 
year. 
11. Because partnerships were reported mostly in discussions of other programs 
and service changes, respondents often did not specify the degrees of effec-
tiveness of partnership efforts. Table 6, therefore, does not include relative 
importance. 
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12. Because most amenities were reported as "other" service changes, respondents 
did not provide their views of each amenity's degree of effectiveness in in-
creasing ridership. Table 7, therefore, does not indicate the relative importance 
of the programs. 
13. This relationship between fast food and transit ridership has, to the authors' 
knowledge, been completely ignored in previous research. 
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Abstract 
The aviation industry is a rapidly changing entity of the worlds economy. Mil-
lions of travelers consistently choose aviation as their mode of transportation 
because it is reliable, time-efficient, and safe. However, high demand has led to 
delays, cancellations, and gridlock. As the need for efficient travel options 
increases, passengers will look for other avenues of travel. Fortuitously, the 
National Aeronautics and Space Administration (NASA) and its partners are 
developing a unique and innovative alternative to this problem. The solution, 
known as the Small Aircraft Transportation System (SATS), will likely change 
the face of general aviation (GA) as it is known today. It is a clear concept, 
made credible by extensive research. The members of the Public Administra-
tion Department and the Aviation Institute of the University of Nebraska at 
Omaha have committed many of their resources to the successful realization of 
the SATS concept. These individuals have formed a unique Nebraska SATS 
research team, devoting their valuable time and effort to seeing the dream of 
SATS come true. 
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Introduction 
The aviation industry, a rapidly changing entity of the world's economy, has al-
lowed a variety of individuals to expand their businesses as well as their horizons 
through the use of commercial air carriers. However, the high demand for air travel 
has led to delays, cancellations, and gridlock. Yet the need for efficient options for 
business and personal travel is anticipated to increase steadily. Most travelers will 
soon experience the symptoms of an aviation industry seemingly overwhelmed by 
the traffic it so desperately needs to survive. 
Contributing to the attitude that air travel is unsafe and inefficient is the fact that 
areas of transportation other than aviation are also plagued by traffic accidents 
and delays. Highways throughout the nation and the world are becoming increas-
ingly ineffective in delivering travelers to their destinations in a timely manner. 
According to William Fay, president and CEO of the American Highway Users Alli-
ance, "traffic congestion is growing, (which is) threatening safety, stifling produc-
tion, slowing deliveries, and taking time from ... families" (2001 ). 
Travelers have consistently chosen aviation as their mode of transportation be-
cause it is reliable, time-efficient, and safe. However, commercial airlines are re-
quired to follow routes that have been designated by the current hub-and-spoke 
system. This system emphasizes large airports and large aircraft and requires trav-
elers to fly long distances through metropolitan areas to be advantageous. As these 
hubs become more and more crowded, passengers will look for other avenues of 
travel. 
Perhaps consumers will look to the 5,000 small airports throughout the United 
States to alleviate their transportation problems. Unfortunately, these travelers will 
find that business strategies have not been created to address the air transport 
needs of rural and isolated communities. Even the Federal Aviation Administration 
(FAA) lacks the budget to deliver the efficiencies that the aviation industry de-
mands. Without additional business to help maintain the facilities of these small 
airports, they will remain underutilized. The future of multifaceted air carriers looks 
bleak. An increase in safety and congestion problems has been predicted for both 
highways and runways. The decrease in client and customer satisfaction, coupled 
with a decrease in overall efficiency, will lead to loss of revenue, opportunities, and 
time. 
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Proposed Solutions 
Perhaps constructing new runways and introducing new airports is the answer to 
the aviation industry's crowding problems. Maybe larger aircraft to haul the in-
creased traveling masses will provide the remedy. Increasing the cost of airline tick-
ets could also dissuade passengers from using aviation. Twenty-four-hour airport 
operation and free flight could allow for additional flights on nondesignated paths. 
However, these solutions create new concerns. 
Politics play a major role in the decision-making process. Thus, questions of envi-
ronmental issues, noise problems, and funding associated with an increase in the 
number of runways and airports must be taken into account. The infrastructure, 
business plans, and organizational culture of individual airlines will determine 
whether changing aircraft size, ticket prices, and the number of flights is even fea-
sible. Furthermore, travelers' preferences will likely influence what solutions, if any, 
are chosen. 
General Aviation as a Solution 
Perhaps increasing the current hub-and-spoke system is not the most appropriate 
solution. GA seems to be a viable environment to cultivate a new system of travel. 
In fact, for distances of 500 miles or less, GA flights are faster. This segment of the 
industry could fill the gap between customer satisfaction and what the airlines can 
provide. The needs of rural and isolated communities could finally be met by utiliz-
ing GA. The opportunity for expansion is available and necessary. Eighty-seven 
percent of small airports still lack systems that allow precision instrument ap-
proaches (ILS). With the use of such facilities, short-distance travel would become 
increasingly efficient. 
Pioneering GA revitalization programs have been introduced and are already be-
ing developed and enhanced. The Advanced General Aviation Transport Experi-
ment (AGATE) is a cost-sharing, industry-university-government alliance initiated 
by NASA. It was established to create the advanced technological basis that future 
GA flights will require. In addition, the General Aviation Propulsion (GAP) pro-
gram was created to develop revolutionary propulsion systems (engines) for light 
aircraft. 
Aviation manufacturers, such as Cirrus and Lancair, have already begun develop-
ment of aircraft that will be technologically advanced enough to function effec-
tively within the future GA environment. On-demand, point-to-point service will 
be available through jet aircraft with airlinerlike capabilities and coachlike fares. 
69 
Journal of Public Transportation, Vol. 5, No. 3, 2002 
Japanese carmaker Toyota has also begun to establish its presence in the small 
airplane industry by producing an aircraft with the affordability and reliability of its 
high-end automobiles. Overall, those associated with aviation are becoming in-
creasingly curious as to how GA can be utilized to save time and money. 
However, there are a variety of questions surrounding the new developments that 
are being completed. 
• Who will fly these technologically advanced aircraft? 
• If congestion continues, how will travelers get to their destinations without 
delay? 
• If highways become too inefficient, what method of travel will be used? 
Introducing a SATS 
NASA is developing a unique and innovative alternative to the current delay-driven 
transportation industry. This substitute for air carrier travel, SATS, will likely change 
the face of GA as it is known today. This system is considered to be a revolutionary 
concept in the provision of air transportation services. 
SATS is defined as "an intermodal, personal, rapid transit, air travel system (with) 
the target consumer base (being) comprised of ... those consumers for whom the 
value of SATS transportation services can be economically or personally warranted" 
(Holmes 1999). This system will solve a variety of transportation problems while 
adding flexibility in air travel the likes of which the world has never seen. 
Those who created this concept recognized the importance of time and remained 
sensitive to how long the execution of this system would take. Therefore, it was 
determined that SATS's goal would be to reduce public travel time by half in 10 
years and two-thirds in 25 years. In addition, this would be completed at costs 
equivalent to those for the highway system, increasing mobility for all of the nation's 
communities through advanced on-demand air transportation. Those working on 
the development of this project have remained faithful to this time line and fully 
expect this goal to be accomplished. 
Instilling Public Confidence 
The aggression that our nation experienced on September 11, 2001, has changed 
the way many view the aviation industry. Few can travel without remembering the 
terrorist attacks. What has been so vividly displayed throughout the media has 
70 
Small Aircra~ Transportation System 
now become a distrust of transportation in general. Heightened concern for pas-
senger safety must be addressed. The SATS system could provide the solution to 
the fear that many travelers are feeling. 
Now more than ever, the original SATS technology strategy pos-
sesses the envisioned potential of providing a distributed safe travel 
alternativ~ freeing people and products from transportation sys-
tem delays by creating access to more communities in less time. 
Now more than evet; the need for on-demand alternatives for trav-
elers to move quickly and safely where they need tog~ in the inter-
est of national economic productivi~ is paramount SATS as origi-
nally envisioned holds these promises. The challenge now to the 
government, industry and university partners is to focus sharply on 
the purpose and execution of the NASA program, that is, to prove 
SATS works {Holmes 2001). 
SATS technologies were created to provide consumers with a safe alternative to 
crowded highways and airline hubs. The system employs small aircraft and 
underutilized airports to provide near all-weather access to more than 5,000 urban 
and suburban communities throughout the nation. This allows isolated communi-
ties to receive safe, affordable, and timely transportation. 
What cannot be mistaken is the fact that SATS is no longer a futuristic concept. 
"NASA has completed the first year of developing the SATS requirements with the 
FAA, and has released the SATS Partnering Announcement. [This solicited] the 
formation ... of a nonprofit corporation as the public-private interface for the 
development of the FY 2005 SATS Demonstration" (Holmes 2001). 
The United States will now demand "a transportation system that is robust, reli-
able, and resilient, in the face of any kind of disruption. Accessibility to air travel is 
fundamental to our nation's cherished freedom of movement" (Holmes 2001 ). SATS 
offers this kind of mobility while providing equal access to thousands of suburban, 
rural, and remote communities. "The SATS vision presents an alternative for pre-
serving freedom of movement that can be developed with enhanced safety and 
security-based technologies" (Holmes 2001 ). 
SATS utilizes larger numbers of smaller aircraft and airports. Reducing the concen-
tration of travelers at large hubs would lead to fewer disruptions in travel and, 
therefore, greater robustness and resilience for the aviation industry. "Widely dis-
tributed systems in power grids, communication, computing, navigation systems, 
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or in transportation are more robust ... than centralized systems. This theory of 
networks applies to the consequences of disruptions of any kind, such as caused by 
weather, labor disputes, system overload, or other causes" {Holmes 2001 ). In addi-
tion, a more effective domestic air support system would allow for more efficient 
"movements of people away from danger, movement for disaster relief, movement 
of law enforcement and other public service functions" (Holmes 2001 ). 
Individuals as well as businesses will benefit from this system, which makes use of 
technologically advanced aircraft and systems. With more efficient and more ef-
fective equipment, SATS will provide air assistance to rural and isolated areas 
through point-to-point service between communities of all sizes. On-demand ser-
vice will be based on travelers' specific needs in an effort to cater to the individual. 
This will provide an alternative for those communities that have been struggling 
with Essential Air Service. In addition to expanding service in communities already 
utilizing aviation, new air transport service will be offered to other remote com-
munities. SATS will supply affordable, safe, reliable air travel while aiding in the 
revitalization of GA. 
Colledive Efforts 
SATS is clearly a collaborative effort among a variety of distinguished individuals 
and institutions. Without each component of the SATS team, unarguably this con-
cept would not come to fruition. Partnerships among the government, private firms, 
and universities have allowed the development of new technologies to begin. Pri-
vate organizations have been charged with the creation of aircraft capable of using 
these technologies. Other private corporations must be committed to offering air 
transport services through the use of SATS aircraft and newly revitalized GA air-
ports. In addition, the work of university-sponsored individuals will be required for 
a smooth transition in travel through SATS implementation. 
Nebraska SATS Research Team 
The Public Administration Department and the Aviation Institute of the Univer-
sity of Nebraska at Omaha (UNO) have committed many of their resources to the 
successful realization of the SATS concept. A number of individuals formed a unique 
Nebraska SATS research team and have devoted their valuable time and effort to 
seeing the dream ofSATS come true. The initial activities of this team were divided 
into three subclusters and their corresponding support personnel. The subclusters 
were charged with investigating the areas of: 
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1. systemic change and innovation in public infrastructure in Nebraska, 
2. public finance and economics for SATS planning in the states, and 
3. state and local airport planning for SATS implementation. 
Dr. Russell Smith, Dr. Massoum Moussavi, and Mr. Fred Hansen were involved in 
subcluster 1. Their research led them to investigate how the proposed small air-
craft mode of transportation would be made more available throughout the nation's 
suburban, rural, and remote communities. They determined that the answers to 
this question would require research "in multiple policy, technological, market, 
and economic areas" (Bartle et al. 2000). 
The systemic change and innovation subcluster focused on two areas. The first 
entails development of a formal systems engineering model for SATS implementa-
tion in the states, using Nebraska as an example. This systems engineering process 
could be used to develop a formal model for SATS. The formation of mathematical 
relationships would then be used to create a formal computer-based systems engi-
neering model. 
The second critical set of this cluster's activities focused on examining SATS as an 
innovation. The researchers were concerned with the important dimensions of the 
SATS technology,and how these dimensions might affect adoption of SATS by small 
airports in the United States (Bartle et al. 2000). 
Nebraska will be used as an example to identify the unique qualities of SATS, such 
as capabilities, knowledge requirements, and cost. The projected rate of system 
adoption will be compared to the original roadmap goal. The difference between 
the two "would guide follow-on research activities in other project clusters" (Bartle 
et al. 2000). 
Dr. John Bartle, Dr. David Hinton, and Richard Swayze, of UNO Public Administra-
tion, contributed to the second subcluster. They determined that federal develop-
ment of SATS would require a series of national "templates:' "These templates would 
serve as national guidance for state aviation system planning, regional intermodal 
transportation system planning, and airport master planning for [incorporation 
of] SATS technologies and capabilities" (Bartle et al. 2000). 
In addition, the researchers found that the ultimate funding goal is to "match costs 
and benefits to the various affected parties" (Bartle et al. 2000). This ensures eq-
uity, plans for facility requirements, creates appropriate incentives, and stimulates 
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technology. However, current federal financing tools are not capable of achieving 
these objectives. "The current grant and fee structure ... oversubsidizes certain 
airports and activities and undersubsidizes others" (Bartle et al. 2000). Such a cus-
tomized approach requires the administrative capacity to weigh costs and benefits 
for each local project. 
Therefore, the individuals working within this group were concerned with the fi-
nancial and economic aspects relating to SATS. They "investigated the various fi-
nancial options available to the federal government to build the SATS infrastruc-
ture in a manner that is both financially and administratively sustainable in the 
long term and is palatable to the states/local beneficiaries" (Bartle et al. 2000). 
In addition, a general conceptual framework was developed for airport personnel 
to quantify both the direct and indirect benefits and costs to their various stake-
holders. "This [framework] will develop the capacity on the part of federal and 
local officials to judge the propriety of projects, and to develop the necessary cus-
tomized financial and administrative tools to implement them" (Bartle et al. 2000). 
Researchers involved in the third subcluster included Dr. Hank Lehrer, Ms. Tracey 
Cullan, Mr. Fred Hansen, and Mr. Richard Swayze. This cluster's approach encom-
passed both short- and long-term goals for SATS. In the short term, it was deter-
mined that a statewide conceptual framework is crucial in developing the possible 
impact of the SATS airport program. "A need exists to justify the integration of 
SATS [technology] ... within the state airport master planning scheme" (Bartle et 
al. 2000). This comprehensive change will require significant coordination and evalu-
ation. 
Existing GA airports will play an integral part in the airport compliance strategy of 
SATS. However, before upgrades in systems and operations can take place, mini-
mum airport standards for SATS facilities must be established. "These standards 
must be developed in partnership with the state and airport owners to define 
SATS capabilities tailored to current national and local requirements" (Bartle et al. 
2000). Strategies must be developed to assist airports that are preparing for the 
introduction and use of SATS. 
When considering the long-term aspects of this system, there is a need to develop 
airports that are capable of serving the rural populations of the United States. An 
example of this need is expressed in the distribution of population in the state of 
Nebraska. "Approximately 70 percent of Nebraska's population is concentrated 
within SO miles of the Omaha/Lincoln area. This concentration of population ... 
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has diminished the air service available to [other] residents of the state" (Bartle et 
al. 2000). While there are numerous airports in all portions of Nebraska, most of 
these airports have no air transportation other than widely scattered GA service. 
Utilizing a rural demonstration site in Nebraska with this demographic profile would 
validate the SATS concept and provide a template for future developments. 
Public Outreach and Education 
The importance oflocal and regional public outreach and education activities must 
not be underestimated. The implementation of SATS relies heavily on the partici-
pation of its stakeholders in such activities. Lack of public endorsement ofthe SATS 
concept will likely impede the realization of this program. 
While it will be necessary for stakeholder groups to offer assistance, a specialized 
team of UNO representatives has been created to provide support through exten-
sions of research activities. This SATS team "will provide an Internet-based forum 
for information dissemination and dialogue" (Bartle et al. 2000). An Internet plat-
form has already been designed to accomplish this goal and can be viewed at 
www.unomaha.edu/"'unoai/sats/. Additional tasks will include coordination with 
NASA Langley Research Center education personnel and links to stakeholders. 
A SATS discussion board will also be available for posting related reports, papers, 
and other items. The team will coordinate with NASA's national public outreach 
and educational activities to provide support to the developing National Trans-
portation Library. "Additionally, research outcomes will be brought into the colle-
giate classroom through courses such as airport master planning, operations, and 
independent research. Students will participate in course projects relating to SATS 
objectives" (Bartle et al. 2000). 
Nebraska Native American Outreach Program 
A large portion of Nebraska's Native American population has no access to public 
transportation of any kind. The development of an advanced airport system would 
bring air transportation access to a greatly underserved portion of the State as well 
as the region. A SATS facility "could form a vital link for isolated populations, pro-
viding enhanced access to health care, government, and employment opportuni-
ties" (Lehrer and Zendejas 2000). 
However, this emergence will occur only through outreach and training within the 
associated school systems. The Nebraska Native American Outreach Program be-
gan five years ago as a partnership between the NASA Nebraska Space Grant Con-
sortium (NSGC) and the Native American community, in response to the need for 
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outreach activities. Through this program, "numerous ... projects have been un-
dertaken, . . including educational, motivational, and infrastructure-building ac-
tivities" (Lehrer and Zendejas 2000). In addition, this partnership has aided "the 
state's Native American educational community, particularly in the areas of im-
proving mathematics, science, and technology" (Lehrer and Zendejas 2000). 
"However, one clearly identifiable barrier in completing future projects ... is [the 
fact that] the Nebraska Native American population on [Nebraska's] reservations 
has been plagued by unemployment and extremely dismal family situations. As a 
result, school-age children often have difficulty in meeting minimum academic 
standards or even staying in school until graduation" (Lehrer and Zendejas 2001 ). 
The NSGC and Native American partnership was established to aid in the reversal 
of this trend. 
Annual NASA Aeronautics Day 
Another successful public outreach endeavor has been the annual NASA Aeronau-
tics Day at the Sioux City (Iowa) Airport. This program, begun in 1997, provides 
students attending Nebraska's reservation schools with experiences involving aero-
nautics and scientific aviation activities (Lehrer and Zendejas 2000). Seven hun-
dred students have already become familiar with both military and general avia-
tion operations. These projects have been extremely successful in highlighting avia-
tion and aerospace as possible career options. It is anticipated that many of these 
youngsters will become fascinated with the thought of pursuing aviation careers 
and thus help to promote SATS in the future. 
Family Science Projed 
The Family Science Project is designed to encourage families to work together to 
complete several hands-on activities. Such activities are taught during evening 
meetings at the students' schools. Occasionally, special demonstrations and guest 
speakers are included in the programs, which provide parents with ideas to en-
courage the completion of experiments and projects at home with their children. 
"The purpose of this program is not to make parents into scientists or the primary 
teacher of their child, but to provide an opportunity for families to work together 
in an interesting and enjoyable manner" (Lehrer and Zendejas 2001 ). By doing such 
activities families can appreciate that science is not only for school but also for 
their real, everyday lives. "Doing such activities provides additional time for the 
learning of science and enhances student learning skills" (Lehrer and Zendejas 2001 ). 
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Systems Engineering 
The successful implementation ofSATS will require the establishment of advanced 
technology at various airports. The SATS Systems Engineering Precursor Studies/ 
Nebraska Implementation was initiated to support the implementation ofSATS in 
Nebraska. This research defines SATS and its requirements and provides a body of 
reference material for SATS implementation in Nebraska. The study supports the 
ongoing national SATS effort by developing a computer-based decision-support 
system/model for SATS implementation. The system's engineering requirements 
and SATS metrics for implementation in Nebraska are identified and their interre-
lationships (cause-and-effect relationships) are being investigated. These require-
ments and metrics include air travel demand, mobility, accessibility, travel time, 
travel cost, capacity, safety, vehicle technology, air traffic control, communications 
technology, airport facilities, demographics, and social, economic, political, and 
environmental factors. 
Three alternative forms (verbal, visual, and mathematical) of the model are being 
developed. The verbal description is a mental model of the SATS system expressed 
in words. The visual description is diagrammatic and shows the cause-and-effect 
relationships between many variables in a simple and concise manner. The visual 
model, or "causal diagram," is being translated into a mathematical/computer model. 
The tentative framework for the SATS computer-based decision-support system/ 
model is based on the 23 submodels (demand forecasting, infrastructure planning, 
infrastructure design, regulatory and policy, market analysis, vehicle technology, 
air traffic control, pilot training, terminal area, airfield design, ground transporta-
tion access, safety, security, socioeconomics, environment, technology, politics, 
operations, administration, performance, implementation, organization, and pub-
lic outreach). Initially, the SATS decision-support model is used to evaluate differ-
ent scenarios of planning, design, and implementation of the small aircraft trans-
portation system in Nebraska. The framework of the model is transferable to other 
states, and it is anticipated that an integrated form of the model will be developed 
at the regional and national levels in the future. 
Great Plains SATS Network 
On May 11-13, 2000, the Great Plains SATS 2000 Symposium was held in Rapid 
City, South Dakota. Representatives from 15 states participated in the program 
sessions and discussions, which focused on the issues surrounding SATS. Through 
this meeting it was determined that "the primary barriers to the implementation 
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of SATS in the Great Plains will be market incentives rather than local infrastruc-
ture and financial limitations" (Smith 2000). 
Symposium participants unanimously endorsed the implementation of SATS. In 
addition, each believed that the system could be used to address several chronic 
needs of the region, such as encouraging economic development, providing access 
to basic health and human services, and increasing support for existing and emerg-
ing airports (Smith 2000). Key issues that will demand the attention of SATS sup-
porters were found "in areas of education and awareness, finance and economic 
development, infrastructure and planning, access and equity, and [governmental] 
roles" (Smith 2000). 
Issues Regarding Policy 
Three major policy areas were identified as having an impact on the implementa-
tion of SATS: public finance and economics, awareness and environmental factors, 
and diffusion of technology and technology transfer (Bartle et al. 1999). 
Implementing SATS in Nebraska and in other states will require a number of tech-
nical and administrative changes. SATS will require major improvements in the 
infrastructure of state airports. However, supporters of SATS are faced with the 
dilemma of financing these improvements. The primary goal is to improve airport 
infrastructure so that it can accommodate SATS and remain financially self-suffi-
cient with limited federal assistance (Bartle et al. 2000). 
A variety of funding sources are available for the implementation of the SATS con-
cept. Four major sources of revenues include: 
1. federal grants, 
2. debt financing, 
3. earmarked taxes and user fees, and 
4. innovative financing approaches. 
The degree of use of any of these revenue options with SATS will depend largely on 
federal policy (Bartle et al. 2000). 
Closely accompanying the financing options for SATS is the potential impact on 
local economic development. The goal of UNO's SATS researchers is "to develop a 
model that will allow for an assessment of the financial viability of the SATS invest-
ment at any airport. This will develop the capacity on the part of federal and local 
78 
Small Aircra~ Transportation System 
officials to judge the propriety of projects and to develop the necessary custom-
ized financial and administrative tools to implement them" (Bartle et al. 2000). 
Issues Surrounding Technological Transfer 
SATS represents a unique opportunity and fundamental effort to shift and diffuse 
technology throughout U.S. GA airports. However, many barriers to implementa-
tion are likely to exist. "Organizational change and the ability to accept new ap-
proaches to service delivery is a major hurdle for SATS implementation. To over-
come this natural hesitancy, political support will have to be generated that out-
weighs the disincentives that exist" (Bartle et al. 2000). 
Another barrier involves the financial resources required to modify and apply the 
technology appropriate to each GA facility. The differences between those devel-
oping the technology and those applying the technology must be considered. "The 
culture of organizations devoted to innovation and development is very different 
than the culture of general aviation airports and fixed-based operators who deliver 
services on a day-to-day basis" (Bartle et al. 2000). 
Legal barriers, such as statutes and administrative procedures, must be addressed 
before successful implementation of SATS can take place. Each state and locality 
has distinct legal issues that will need to be reviewed to determine whether indi-
vidual barriers exist. Then, appropriate steps must be taken to address those barri-
ers properly. In addition, "education and training about SATS regarding how the 
technology works and how it can be applied successfully are key factors in imple-
mentation" (Bartle et al. 2000). 
Rural Policy Issues 
The airports most likely to be selected for SATS technology are those operated by 
rural and small communities. Many of these airports operate with part-time man-
agers and staff with limited budgets. Traffic at these airports is usually local travel. 
"The larger of these airports receive the bulk of state infrastructure funding and 
support" (Bartle et al. 2000). 
Thus, states with smaller, more rural populations and airports face serious capacity 
issues. In addition, "public attitudes toward taxing and spending have increasingly 
restricted government" (Bartle et al. 2000). The rapid change and increasing de-
pendency of local economies has greatly reduced rural communities' control over 
their local economies. 
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The implementation ofSATS polices and its required technology depends heavily 
on the involvement of its supporters. Government officials must be committed to 
providing underserved communities with the resources they need to compete in 
the future aviation market. "The installation of advanced technologies and appro-
priate management systems throughout the nationwide network of general avia-
tion airports can be delayed, slowed, and even halted at any one of many possible 
points at which a decision to commit resources must be taken" (Bartle et al. 2000). 
Consequently, a major component of the SATS planning phase must include a 
substantial effort to identify obstacles to implementation and the strategies for 
overcoming them. 
The widescale adoption and implementation of SATS technology will require the 
review, modification, and creation of innovative public policies and management 
systems. "An analysis of current public policy and management frameworks that 
identifies gaps, as well as existing contradictory or countervailing policies that dis-
courage innovation of new technologies, would be necessary to illuminate poten-
tial barriers to SATS adoption" (Bartle et al. 2000). 
Utilizing U.S. GA Airports 
According to the U.S. General Accounting Office's 1998 report, the United States 
has the largest, most extensive aviation system in the world (U.S. GAO 1998). This 
system ranges from large transportation centers to small grass landing strips. Of 
the 18,000 total U.S. airports, 3,344 smaller public-use airports are included in the 
national airport system. "Analysis shows that small airports have fewer flight op-
erations, thus indicating that most general aviation airport use is by locally based 
aircraft rather than intercity travel" (Smith and Wachal 1999). These underutilized 
airports could provide a web of landing facilities for SATS operations to take place. 
U.S. aviation operations have fallen off since the early 1980s. The "number of air-
craft has declined by just under 20 percent," while the pilot base has declined by 
11.9 percent (Smith and Wachal 1999). This reduction has been felt in Nebraska by 
a 15 percent decrease in its aircraft and a 23.3 percent decrease in its pilot base. 
Although the GA airport in Nebraska serves as a base for 14 aircraft, almost 25 
percent base 4 or fewer aircraft (Smith and Wachal 1999). 
SATS airports have certain basic technological requirements, which will be neces-
sary to introduce to selected airports when implementation takes place. Nebraska's 
aviation industry is composed of basic utility airports, general utility airports, and 
jet transport airports with the following characteristics (Smith and Wachal 1999): 
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• 77 (85%) have a paved runway; 
• 82 (90%) have a lighted runway; and 
• 56 (65%) have an instrument approach. 
However, current governmental plans for Nebraska airports do not include changes 
to support SATS. Rather, most state and federal funding is issued for repairs and 
maintenance. "The most recent comprehensive statewide airport planning effort 
in Nebraska (1992) recommended no infrastructure improvements for 27 (32.5%) 
airports. Although some airports had low operations and based aircraft numbers, 
most appeared to have adequate infrastructure for their assigned aviation role 
(Smith and Wachal 1999). The implementation of SATS would require selected 
small Nebraskan airports to become equipped with new technology and new op-
erating procedures. These changes may prove difficult especially when "more than 
one-third (30) of the GA airports do not have a primary runway that meets the 
recommended length and/or width for the airport" (Smith and Wachal 1999). 
Nebraska facilities and airspace are available for increased operations. Such an in-
crease would revitalize many small, underutilized airports and their surrounding 
communities. Nebraska aviation represents a fertile environment for the imple-
mentation ofSATS technology and aircraft. 
Conclusions 
The implementation of SATS would be a dream come true for communities that 
urgently need air service and medical air transport. This system is a clear concept, 
made credible by extensive research. Although SATS is not an additional system for 
commercial airlines, it should not be thought of as a competitor. Rather, SATS should 
be viewed as a component of aviation that will help alleviate congestion at airline 
hubs to allow for increased customer satisfaction. 
SATS Advantages 
SATS will provide access to more communities in less time. This safe travel alterna-
tive will free both passengers and products from transportation system delays. SATS 
will better serve existing markets and extend air service to communities currently 
neglected by the airline industry. This will be accomplished through the use of 
advanced small aircraft, new innovations in navigation and communication tech-
nologies, and new business models. 
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SATS offers a variety of benefits to the aviation industry as a whole as well as to the 
individuals who use the industry's services. The development of key airborne tech-
nologies and precision guidance of small aircraft create a safer and more efficient 
environment in which to fly. By occupying underutilized airports and airspace, SATS 
encourages less hub congestion and more rural travel. This is both an exciting op-
portunity and an economic development tool for those living in rural and isolated 
communities. High-speed mobility and accessibility will give travelers more time 
to complete their business. 
In addition, SATS will likely reenergize the economies of the rural and isolated com-
munities it serves. With fewer travelers frequenting highways and airline hubs, new 
innovations in intermodal travel will be required and thus created. New businesses 
will be needed, thus creating new jobs to facilitate the increase in traffic at small 
airports. 
SATS has the potential to dramatically improve access to small and isolated com-
munities while developing over 5,000 GA airports into operational business cen-
ters. New consumers and producers will be linked to the global economy rather 
than being confined to their immediately surrounding areas. Time is of the essence 
in the SATS endeavor. The opportunity to educate the public is upon us. When this 
phase of implementation is complete, travelers will be more knowledgeable about 
their transportation options, and able to actively participate in saving the future of 
transportation. 
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Restructuring Urban Public 
Transport in India 
Kaushik Deb, Tata Energy Institute, India 
Abstract 
Transportation in the urban context assumes great economic significance, as 
the productive efficiency of urban areas will be maintained only if mobility 
requirements in the cities are fully met. However, this productive efficiency is 
now threatened by the increasing number of vehicles causing congestion, and 
thus slower speeds on roads. An effective way to address this problem is to 
encourage greater use of public transport instead of personal vehicles. This 
requires both an increase in the carrying capacity of the public transport sys-
tem and a quantum improvement in the quality of public transport. 
In addition, despite the high volumes of traffic, most urban centers in India do 
not have any rail transit system to cater to intracity movements. Hence, there 
would be substantial dependence on bus services to meet public transport needs 
for the next several years. This is likely to result in a major restructuring of the 
current provisioning of public transport in the urban centers. This article high-
lights various options for restructuring the provision of road-based public trans-
port and synthesizes them into a strategy for reform, given the commercial 
viability of the various activities carried out by public transport operators in 
India. 
Introduction 
Transport plays a significant role in the overall development of a nation's economy, 
particularly in the urban context, where cities are considered vertices of economic 
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growth. However, concerns are being voiced about the sustainability of develop-
ment in the transport sector as this sector accounts for a substantial and growing 
proportion of air pollution in cities. The most effective strategy for ensuring the 
sustainability of the urban transport sector is to check the decline in the share of 
public transport. This article outlines issues and concerns in the public transport 
sector and the need for reforms. It also suggests a reform strategy for the sector. 
Transport Sedor in India 
India has witnessed rapid growth in the number of total vehicles registered in the 
last two decades. As of March 31, 1998, there were 41 million registered vehicles in 
the nation (Table 1 ). 
Table 1. Growth of Vehicles in India 
No.of Two Car.Jeep, & Buses Good Others 
Year Vehicles Wheelers (%) Taxi(%) (%) Vehicles (%) (%) 
1951 306 8.82 51.96 11.11 26.80 1.31 
1961 665 13.23 46.62 8.57 25.26 6.32 
1971 1,865 30.88 36.57 5.04 18.39 9.12 
1981 5,391 48.56 21.52 3.01 10.28 16.64 
1986 10,577 59.04 16.83 2.15 8.16 13.82 
1991 21,374 66.44 13.82 1.55 6.34 11.85 
1996 33,783 68.83 12.44 1.33 6.01 11.39 
1997 37,231 69.01 12.52 1.31 6.07 11.09 
1998 40,939 69.23 12.35 1.31 6.18 10.94 
Source: MoST, 2000. 
Along with the rise in vehicle population, the increased mobility demand is re-
flected in rising usage rates of personal vehicles. The problem has been accentu-
ated by the gradual reduction of public transport in India as reflected in the declin-
ing share of buses in the total vehicle fleet in the country (a decline from more 
than 11% in 1951 to just over 1% in 1998). 
The rapid increase in the number of motor vehicles in India calls for urgent mea-
sures to deal with the resultant congestion and pollution. In particular, encourag-
ing greater use of public transport instead of personal vehicles, thereby slowing the 
trend toward increasing use of personal vehicles, is key. However, unless the quality 
of public transport services improves substantially, the trend of increasing 
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preference for personal vehicles will continue. This calls for a complete change in 
the mindset of the operators. It is extremely important that the provision of public 
transport services be restructured to ensure service delivery that matches con-
sumers' expectations. One way to do this is to organize the private sector to more 
effectively provide useful services. Improving the quality of services from public 
transport would also require restructuring of the State Road Transport Corpora-
tions [or State Road Transport Undertakings (SRTUs)] so that policy, planning, and 
regulatory functions are carried out by an entity other than the one involved in 
direct operations. There would also be a need for a regulatory framework to over-
see all modes of public transport particularly, urban and suburban railways. 
Performance of Public Transport in India 
Public transport in India can be classified into two modes: rail and road. Out of the 
country's total passenger movement, 80 percent is met by road transport while 
the remaining 20 percent is carried by railways. 
Road Transport 
Road transport in India is operated by both the public and private sectors-com-
prising about 28.7 percent and 71.3 percent, respectively, of the total bus system. 
Government participation in road transport commenced in 1950, and since then 
SRTUs have been formed in every state. 
As of March 1999, there were about 67 SRTUs in the country operating a fleet of 
more than 115,000 buses and employing about a quarter of a million people. Out 
of 59 corporations, 14 operate exclusively in the urban areas and the remaining 45 
in mofussil1 areas (including 9 corporations operating in hilly regions) (Table 2). 
Further, of the corporations operating in mofussil areas, about 8 operate only in 
rural areas (including the hilly regions); the remaining corporations operate in both 
rural and urban areas. Of the total number of buses held by corporations, 17,455 
render services in urban areas; the remaining 95,310 vehicles operate in mofussil 
areas (including 2,659 in hilly regions) (ASRTU 2000). 
Table 2. State Road Transport Undertakings in India 
Number 
SRTUs 
Buses 
Source: ASRTU, 2000. 
Rural 
8 
115,424 
Urban 
14 
17,455 
Rural & Urban 
37 
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The organizational form for public sector bus 
transportation varies from state to state, with 
the most common being a corporation con-
stituted under the provisions of the Road 
Transport Corporation Act of 1950. There are 
22 such corporations. In addition, 26 under-
takings have been formed under the Indian 
Companies Act of 1956,while public trans-
port is also operated by 11 municipal coun-
cils under various municipal legislations. Eight 
undertakings function as part of government 
departments (Figure 1 ). 
a ~'·,.·: .. :.~:.'·",·· .... :.:·' ..··-.:: ...  .. ,· ..... ::.• .. '.. ·· .... corporauons COtnpanleS l .. > -.. 3311 3911 :···\ 4~ 
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Figure 1. Management of 
SRTU's in India 
Source: ASRTU, 2000. 
Public bus transport in India is provided through a multiplicity of mechanisms. 
These include: 
• Own services: Under this mechanism, the SRTU uses its own fleet. 
• Kilometer scheme: Private buses are hired to run services as required by the 
SRTU. 
• Direct permits: Permits from the State Transport Authority (STA) are given 
directly to private operators to operate on specified routes. The buses are 
owned and operated by the private permit holder who also collects the 
fares. Fares and routes are as allowed by the STA under the Motor Vehicles 
Act of 1988. The private entities operate under the conditions of the per-
mit granted to them. These operators have no relationship to the SRTU 
and operate on their own. 
Operational Performance 
The total strength of the urban SRTUs grew from just about 10,000 in 1991 to 
about 13,500 in 1999, an increase of 28 percent. However, while the total vehicle 
fleet strength grew at almost 1 O percent per year in the 1990s (Table 1 ), the urban 
SRTU fleet grew by less than 3 percent per year (Figure 2). Given that the increase 
in the bus fleet during this period has also not been spectacular (Table 1 ), the size 
and spread of public transport has seen a decline in the last five years. 
The operational characteristics, on the other hand, do not show any distinctive 
trend (Figure 3). While the kilometers operated daily by each bus have shown a 
steady increase, the proportion of the total fleet on road has been declining. 
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Figure 2. Growth in fleet strengths of SRTU's in urban India 
Source: ASRTU, 2000. 
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Figure 3. Financial performance (Rupees per kilometer) of SRTU's. 
Source: ASRTU, 2000. 
Financial Performance 
The overall financial performance of urban SRTUs in India appears to be gloomy, 
with the SRTUs headed toward a severe financial crisis in t he very near future. As of 
March 1999 these corporations had incurred an accum ulated loss of about 13 bil-
lion rupees-nearly as large as the aggregate amount of equity of both the union 
government and the state governments and reserves (14.60 billion rupees). Fur-
ther, this debt is larger than the total assets of the SRTUs. 
As earn ings per kilometer have grown more slowly than costs per kilometer, losses 
per kilometer have grown by nearly 7 percent per year (Figure 4). This situation has 
developed because of continuing inefficiency in operations, uneconomical opera-
tions to meet the universal service obligation, and universal subsidization of 
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Figure 4. Operational performance of SRTU's in urban India. 
Source: ASRTU, 2000. 
services. In addition, the motor vehicle taxation regime taxes buses more than per-
sonal vehicles, resulting in higher cost of operation for public transport. 
A result of the continuing losses has been the inability to generate adequate funds 
for capital expenditure and replacement of rolling stock. There exists a vicious circle 
of continuous losses leading to inadequate funds for capital expenditure and poor 
management of the fleet, which in turn leads to poor operational performance, 
causing even higher losses. The mounting losses imply a substantial commitment 
from the government for the provision of public transportation services in urban 
India. The following sections review current operations and identify areas for re-
form. 
Rationale for Restructuring 
Improved transport systems are essential for accelerated economic growth. Trans-
portation in the urban context assumes even greater significance. Large agglom-
erations are seen as the vertices of continued economic growth. The productive 
efficiency of urban agglomerations will be maintained only if mobility requirements 
in the cities are fully met. However, this productive efficiency in urban India is now 
threatened by the increasing number of vehicles, causing congestion and thus slower 
speeds on roads. Transportation infrastructure could be the primary bottleneck 
for the unimpeded growth of the state. Thus, it is important that the existing trans-
portation infrastructure is utilized optimally. This requires meeting mobility needs 
efficiently through a greater modal share of public transport. 
Another major consideration for restructuring public transport is the continued 
drain on the exchequer. With greater emphasis on fiscal discipline, it is becoming 
increasingly difficult for governments to continue funding such loss-making 
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ventures. In addition, the role of the state in provisioning services that can be more 
efficiently provided by private operators is being questioned in a variety of fora. 
Augmenting Public Transport 
While it is recognized that the share of public transport in India is considerably 
higher than that in most developed countries, the cause for concern is the declin-
ing share. Among the major reasons for this decline are the inability of public trans-
port operators to keep pace with the increasing demand and the deteriorating 
quality of service arising from continued losses and thus inadequate capital gen-
eration for capacity augmentation. This issue is dealt with in detail in the next sec-
tion. 
Another problem is the relatively little concern for consumer satisfaction. In most 
cities, government-owned agencies operate and manage public transport services. 
Given the virtual monopoly that public sector service providers enjoy, service plan-
ning has been largely dominated by operating convenience rather than by con-
sumer convenience. With fares and tariffs not linked to costs of operation, there is 
little incentive for service providers to improve efficiency. Also, being public sector 
concerns, the emphasis on commercial orientation is limited. As a result, ridership 
changes and costs of operation are not concerns of the management. Thus, a change 
in the incentive regime is necessary to ensure attention to consumer satisfaction. 
This requires regulatory reforms and institutional restructuring in the urban public 
transport sector. It means splitting up monolithic public entities and allowing pub-
lic sector suppliers to offer services in areas where they are better equipped to 
provide them. 
Mounting Losses of SRTUs 
The considerations for restructuring SRTUs also stem from mounting losses and 
poor operational performances, resulting in a continuous drain on scarce budget-
ary resources. A number of SRTU activities can be efficiently provided by the pri-
vate sector. Also, private sector funds could be tapped to generate revenues for 
fleet augmentation and replacement. 
In the postliberalization era, it would be difficult for governments to continue to 
provide financial support to such loss-making ventures, especially with the grow-
ing emphasis on fiscal discipline. Indications of such concerns can also be gauged 
from the Ninth Plan document where the union government's policy regarding 
the funding of SRTUs is outlined. The thrust of the policy is to fund the acquisition 
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of buses for replacement only, and not for fleet expansion. Public bus fleet expan-
sion is to be funded from the private sector. In fact, the Ninth Plan document also 
states that, given the financial constraints facing the SRTUs, 75 percent of the pub-
lic transport services should be made available from the private sector (Planning 
Commission 1999). Thus, it would be difficult for the state government to per-
petually finance public transport losses, let alone make a capital contribution for 
fleet augmentation. 
Activities that can be performed by several operators (i.e., those on which scarce 
public funds need not be spent) should be separated from those best performed 
by a monopolistic service provider. Thus, public funds would be used only for those 
activities in which private funds are either not available or public funding and man-
agement is desired. Such a separation of activities would also open up other op-
portunities for revenue generation (e.g., commercial exploitation of land resources). 
Comparative Advantage of SRTUs 
Some SRTU functions, such as the workshop activities, are not natural monopolies 
based on economies of scale and are currently being provided by a number of 
private sector operators. It may be difficult to justify continued public expenditure 
on such activities, especially if these services can be provided more efficiently by 
the private sector. Charles Lave uses this idea as the foundation for his argument 
that policy making should be separated from operating functions. He sees the role 
of the government authority as arranging or sponsoring public transportation rather 
than supplying the transportation itself (Urban Transit 1975). 
A review of the current market structure in the urban public transport sector also 
reveals that SRTUs do not have a comparative advantage2 in a number of activities 
they are undertaking. This is particularly true for bus operations where private 
operators provide these services in a more cost-effective manner (though given 
the universal service obligations in the sector, private operations would have to be 
appropriately regulated). Similarly, the SRTUs do not have any comparative advan-
tage in operating workshop facilities, which are competitively provided by the pri-
vate sector for all types of vehicles. 
International Experience in Reforming Public Transport 
The situation of existing public transport institutions being grossly inadequate to 
provide required levels of service to effectively deal with the rapidly increasing con-
gestion and pollution is not peculiar to India alone. It has been faced in most major 
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cities around the world. Several of them have undertaken reforms and restruc-
tured their public transport operations to meet the required demand and the ex-
pected quality of service. 
An examination of the reforms carried out around the world reveals two main 
trends in the restructuring of public transport. The first is to unbundle the mono-
lithic and integrated services into more manageable and compact constituent units. 
This has generally resulted in greater involvement of the private sector in provid-
ing services in a competitive environment. The second trend is to segregate policy 
and planning from operational functions. This enables a separation of activities 
that are natural monopolies from activities that are not natural monopolies. Such 
separation makes it possible to bring in competition in activities that are not natu-
ral monopolies. Competition, in turn, enables improvements in efficiency, enhance-
ment of capacity by tapping private financial resources, and induction of more 
professional management. In addition, it becomes possible to channel scarce pub-
lic funds into activities the public sector is best suited to perform and not use 
them in activities that the private sector is better equipped to perform. 
Models of Private Sedor Involvement 
Private sector participation can take different forms in infrastructure sectors. The 
public transport sector, in particular, can either be unbundled and opened in a 
segmented fashion to private sector participation, or the complete sector can be 
opened to such processes. These options are discussed below. 
Sel'llice Contracts. This is a type of short-duration contract in which a private 
operator performs specific tasks such as provision of buses. By using this op-
tion, it is possible to take advantage of private sector expertise in performing 
technical tasks, or even to open such tasks to competition. Under this option, 
the public utility manager coordinates the tasks performed by private opera-
tors and ensures the investment in the sector. It is not possible to bring man-
agement expertise or improve operating efficiency in this option. However, 
unlike other infrastructure sectors, it is possible to bring additional investment 
under this option in the public transport sector as discussed below. 
The most common form of the service contract in the public transport sector 
is the gross cost model for private sector participation in bus operations. This 
requires the government authority to set the routes operated and fares to be 
charged. Fare revenue accrues to the government authority, which then pays 
the private operator an agreed amount, irrespective of the occupancy and 
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ridership. The operator is simply a supplier of a service, bearing the operating 
risks but insulated from revenue and ridership risks. This way each route can 
be operated by multiple private operators and the private operators do not 
have any incentive to recklessly race each other to each bus stop to gain more 
passengers. Furthermore, private operators are not hurt by fares that do not 
correspond to costs. Hence, this approach is suitable in cases where fare rev-
enues are likely to be uncertain (e.g., new routes, low-density corridors, and in 
cases where government wants to subsidize commuters). 
The quality actually achieved needs to be monitored by a public entity with a 
system of penalties to deter underperformance. The government authority 
awards routes via competitive tender to the lowest bidder. Preference is given 
to private operators who have achieved high standards of quality. This pre-
vents private operators from concentrating only on dense routes and provides 
them with the incentive to improve quality. 
The terms of the gross cost approach are somewhat similar to that of the kilo-
meter scheme except that in the kilometer scheme payments are fixed regard-
less of the type of route or the time of day. In the gross cost scheme, the opera-
tor bids for the compensation. Such a bidding process permits an operator to 
factor the type of route and service quality expected into the amount being 
bid for as compensation. 
Management Contract. This short-term option transfers the responsibility 
for the operation and maintenance of the system to a private operator for a 
fixed fee. This fee could be related to various performance parameters. Al-
though the public utility is still responsible for rehabilitation and new invest-
ment, this option could bring technical and management expertise to the sec-
tor and, to some extent, improve operating efficiency. Management contracts 
in the transport sector are particularly relevant in the management of depots 
and workshops of large bus operators. 
Lease Contract. Under this option, a private firm leases assets of the public 
utility typically for 10 to 20 years for a fee and takes on the responsibility for 
operating and maintaining them without any responsibility of financing new 
investment, which will lie with the public utility. This contract could bring tech-
nical expertise, managerial expertise, and operating efficiency to the sector. 
While investment risk lies with the public utility, the commercial risk is shared 
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between the private operator and the public utility. This form of private par-
ticipation is seldom seen in the public transport sector. Nevertheless, it is pos-
sible to develop lease contracts in the transport sector for some activities (e.g., 
depots and terminals). 
Concession Contract. A concession agreement, or franchise, is a means of 
awarding fixed, long-term monopoly rights to provide a service to a private 
firm within a geographical area. Under this option, the private operator is not 
only responsible for operation and maintenance of existing assets but also for 
new investments, although the ownership lies with the government or the 
public utility. This option could bring technical expertise, managerial exper-
tise, operating efficiency, and additional investment to the sector. Investment 
risks and commercial risks lie with the private operator. 
The application of the concession type of private participation in the public 
transport sector is the net cost scheme in the public transport sector, whereby 
the operator receives the revenue from ticket sales, as opposed to a fixed pay-
ment in the gross cost approach, thus taking the risk of changes in financial 
performance over the contract period. A public entity continues to set routes, 
prescribe fares and service quality, and may either provide a fixed subsidy or 
receive a fixed contract fee (if the route makes profits). The government au-
thority awards each route via competitive bid to the private operator requir-
ing the least amount of subsidy or willing to pay the greatest fee. 
Due to the revenue risk, this option would be suitable for high-density corri-
dors with only a few operators, where ridership would be more certain, so that 
private operators have no motivation to adopt dangerous passenger capture 
techniques (e.g., rash driving and speeding). However, this would imply that a 
private operator would have a near monopoly over an area and would require 
appropriate regulation to ensure that such monopoly power is not misused. 
Divestiture. This option, achieved through the sale of assets or shares or 
through management buyout, can be partial or complete. It gives the private 
operator full responsibility for operation, management, and investment. Un-
like the concession contract, it transfers ownership of assets to the private sec-
tor. This is the model that has been adopted in the rail transport industry in 
the United Kingdom. 
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Lessons for Restruduring Public Transport 
The two relevant options for bus operations highlighted above are the gross cost 
and net cost options. In deciding between the two, a key concern is whether large 
private operators would come into the sector in India. If not, then the net cost 
option will not solve the safety problem. The gross cost option is also favorable 
because under this plan it is easier to integrate fares among different operators and 
different modes (Walters 1998). Finally, if the government perceives the need to 
subsidize commuters, the gross cost option would shield private operators from 
such revenue risks. However, the gross cost option requires more monitoring be-
cause the private operator will have no incentive to attract passengers or accu-
rately collect fares. If the government authority cannot provide the required moni-
toring, then the use of the gross cost option will result in decreased quality, falling 
ridership, and increased costs to the government authority. 
Given the lack of proven capacity of the private sector to operate large public trans-
port fleets in urban India, the gross cost option may be a more feasible option in 
the short run to initiate private participation in public transport. Also, this option 
would allow the government to gradually phase out subsidies so as to minimize 
political and community resistance to restructuring. Over time, operations under 
the kilometer scheme would allow the private sector to develop its capability to 
operate and manage large public bus fleets. 
Unbundling State Bus Operators 
Urban SRTUs provide public transport services in India using both their own fleets 
and by leasing buses from private operators under the kilometer scheme. In addi-
tion to operating these bus services, SRTUs also repair and maintain the vehicles. 
The repairs and maintenance wing provides technical support to the SRTU buses 
only and not to private bus operators despite having excess staff in this category, as 
is the case with Delhi Transport Corporation (OTC) (OTC 2001 ). Thus, there exists 
a resource of technically competent personnel, which can be used to service addi-
tional vehicles. The SRTUs also own land for parking buses (at depots) and passen-
ger terminals for providing traffic interchanges.3 
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These activities are representative of most urban SRTUs in India. It is possible to 
classify the activities of urban SRTUs as: 
• operating buses; 
• providing parking facilities for buses, terminal facilities for passenger inter-
changes, and bus stations; and 
• carrying out repairs and maintenance. 
These three activities, though independent of each other in the sense of requiring 
an independent operational structure and separate staff, do not function as sepa-
rate profit centers. No separate accounts are maintained to evaluate which of these 
is a profitable activity. Ideally, these three activities should be operated as discrete 
profit centers. 
City Bus Operations 
Operating city services is clearly not a natural monopoly because several private 
operators are already operating services on city roads. An international review re-
veals that with appropriate regulation, private operations of public bus services 
would be successful. In light of the precarious financial position of the Indian gov-
ernment and the continuing losses suffered by the SRTUs as well as the feasibility 
of bus services being provided in a competitive market, greater involvement of the 
private sector in operating services in urban areas is recommended. The govern-
ment should largely concern itself with policy making, planning, coordination, and 
regulation, rather than with actual operation of services. 
India's experience with private operation of public transport has not always been a 
success. Assessments of privately operated buses in Delhi reveal poor quality of 
service delivered and low level of commuter satisfaction {Goel 2000). However, 
through private sector participation, such as in the kilometer scheme in both Delhi 
and Bangalore, the SRTU has increased its market share without any additional 
capital expenditure (DTC 2001 ). In using hired buses, the SRTU would save on 
capital investments, thus reducing the strain on the exchequer. However, it will be 
saddled with problems associated with the current form of the kilometer scheme, 
namely, the unwillingness of operators to operate on crowded routes and during 
peak hours or their motivation to make compromises on ridership. On the other 
hand, in allowing only private operators under concession contracts, the public 
transport system would remain uncoordinated and also run the risk of dangerous 
driving practices being adopted by operators. 
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It is recommended that SRTUs not augment their urban bus fleet. The additional 
ridership demand should be met by obtaining services from private operators on 
gross cost contracts. Over time the SRTUs should phase out their own bus services 
by not replenishing the fleet and substituting their services with contracted ser-
vices. To avoid the pitfalls associated with the kilometer scheme, the compensa-
tion payable should vary from route to route and also by time of day. An effective 
monitoring system needs to be in place to ensure that there is adherence to the 
contractual terms. 
Over time the private sector operations would mature and the government could 
withdraw from operation of public buses completely and only regulate the sector. 
Such a gradual process would also allow the SRTUs to recover their investments in 
the public transport sector completely. Also, public bus operations for an initial 
period in competition with the private sector would enable a regulatory agency to 
set benchmarks for quality and also allow time for experience to be gained with 
net cost contracts before public operation is completely stopped. A gradual pro-
cess would also help build support for such reforms. Finally, a gradual rationaliza-
tion of the tariff regime would ensure financial viability of the sector and it would 
be feasible to transfer the revenue risk to the private sector. 
Apart from restructuring the SRTU operations, another area of concern in the public 
transport sector is the operation of individual services. Clearly, such operations 
would not fit into the new scheme. However, it would be legally difficult to termi-
nate these services, as they are operating under valid permits. Nevertheless, re-
course could be taken to the provisions of section 103 (2) of the Motor Vehicles 
Act of 1988, which permits the state government to cancel an existing permit or 
modify the terms of an existing permit. However, there may be a disruption in 
public transport services if these operators do not join the kilometer scheme im-
mediately. Another alternative would be for the operators to form large coopera-
tives, which would be given operating contracts. These permits could be allowed 
to lapse and not be renewed. This alternative would permit a gradual withdrawal 
of private individual bus services. Hence, it is recommended that existing permits 
be canceled and brought under the ambit of gross cost contracts. 
Depot and Terminals 
Ownership and management of depots, terminals, and bus stations are a natural 
monopoly, and it would be inefficient for a multiplicity of operators to own and 
manage these infrastructure facilities. These properties should be provided as com-
mon facilities for all operators. Nevertheless, the activities can be still operated as a 
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separate profit centers in the form of a separate corporation. Due to the monopoly 
nature of the activities, it is recommended that the state government retain a con-
trolling stake in the corporation, thus effecting partial divestiture. Another alterna-
tive would be to allow professional management of these properties by the private 
sector using lease contracts. In either case, unbundling these activities from bus 
operations by setting up a separate corporation would facilitate the lease con-
tracts. 
The corporation should enter into contracts with the intercity bus corporations 
and the SRTU or any private operators to allow parking within its premises for an 
appropriate fee. Also, the company could earn substantial revenues through prop-
erty development and advertising. It could lease space for suitable retail outlets for 
additional revenues. This would have the twin benefits of revenue generation as 
well as improving access to public transport. As the SRTU lacks professional exper-
tise to develop or manage commercial property, it is suggested that separate Spe-
cial Purpose Vehicles (SPVs) be considered for each property as a joint venture 
with a strategic partner such as a reputed property developer company so that the 
requisite property development and management skills are available. 
It is important to recognize that commercial development of the properties allo-
cated to this company could be more remunerative than provision of parking fa-
cilities for buses or interchanges for passengers. Thus, if the company is to operate 
on commercial considerations only, there might be a conflict in the provisioning of 
such services and operating only on profit considerations. While it is recommend 
that the company operate only on commercial considerations, for commercial de-
velopment of its properties it would need approval from appropriate regulatory 
agencies. 
Repairs and Maintenance Workshops 
Management of the workshops and repair facilities is not a natural monopoly. There 
are several private workshops at which repairs could be carried out and there is no 
need for public funds to be spent on these facilities. However, given the fact that 
substantial infrastructure for repairs already exists with SRTUs, they may be used 
for repairs and maintenance of all buses and other motor vehicles. The second 
advantage is that SRTUs also have technically competent personnel who can ser-
vice the city vehicle fleet. However, repairs should be done on a purely commercial 
basis by charging market-based fees. If this activity can not be sustained in the 
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public sector, then it should be privatized. A separate company should be used to 
facilitate this operation. 
Other Issues to be Resolved 
Restructuring SRTUs would help improve their financial performance and con-
serve public funds. Using the private sector to provide bus services would result in 
improved performance and additional capacity. Yet, the restructuring of SRTUs 
alone would not be sufficient for bringing about a marked improvement in the 
quality of public transport. To bring about the required improvements and attract 
private investments in public transport, it is necessary that several planning, li-
censing, and monitoring functions be performed effectively. These functions in-
clude: 
• fixation of fares and fees; 
• route and network design; 
• route allocation and issue of permits; 
• specification, monitoring, and enforcement of quality of service standards; 
• coordination; 
• data collection and management; 
• dispute resolution; and 
• making recommendations to government on policy matters. 
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Endnotes 
1. The area outside the city is called "mofussil." 
2. This means a firm is more competitive in the delivery of that service. 
3. Interestingly, while the privately operated public buses (Blueline buses) in Delhi 
are permitted to use the terminal facilities for picking up passengers, for which 
they pay a charge of Rs 2,500 per month for using the bus stands and Rs 5,000 
per month for using terminals, there is no provision to let them use the depot 
facilities for parking. OTC collected nearly 20 million rupees in 2000-01 for 
such charges. 
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